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Chapter  VII.  PHYSICOHECHANICAL  PROPERTIES  OF  POLYURETHANES. 

CONNECTION  BETWEEN  BASIC  PHYSiCGfiECHANICAL  PROPERTIES  OF 
POLYURETHANES  AND  STRUCTURE. 

Interest  in  polyuretnane  is  determined,  first  of  all,  by  those 
physi comechanical  indices  which  possess  the  materials  on  their  basis. 
High  resistance  to  abrasion  and  significant  mechanical  strength  make 
it  possible  to  use  rubbers  from  urethane  rubbers  in  the 
machine-building  and  other  branches  of  industry  as  structural 
material.  Recommended  well  themselves  polyurethane  glues  and 
coatings,  polyurethane  reams,  fibers. 

Obtaining  materials  on  uasrs  it  is  polyurethane  with  this  broad 
band  of  properties  caused  by  appircat ion/use  with  their  synthesis  of 
the  chemical  compounds  of  different  class.  Therefore  to  questions  of 
the  bond  between  the  structure  it  rs  polyurethane  and  their  basic 
physicomechanical  properties  devoted  large  number  of  works  and 
survey/coverages  [167,  175,  id7,  <>90,  305,  306,  317]. 
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Since  these  questions  ace  illuminated  in  detail  in  the  monograph 
of  Saunders  and  Frisch  [114],  tneu  we  mainly  will  only  examine  the 
influence  of  the  nature  or  tne  comprising  components  on  basic 
physicomechanical  properties  it  is  polyurethane,  using  the  data, 
published  in  recent  years. 

Effect  of  the  nature  of  poly etiier/polyester  and  its  molecular  weight. 

The  properties  of  polyuretnane  elastomers  to  a  considerable 
degree  depend  on  structure  ana  molecular  weight  of  basic  component  - 
polyether/polyester,  studied  tne  effect  of  the  structure  of  polyester 
on  the  properties  of  elastomers  on  the  basis  cf 

1, 5-naphthylenediisocyanate  (.17b,  305  ]  (Table  42)  it  is  polyurethane 
on  the  basis  of  diphenylmetaane  uiisocyanate  and  1 , 4-butanedicl  [287] 
(Table  43)  . 

As  can  be  seen  from  given  data,  the  mechanical  properties  it  is 
polyurethane  they  affect  an  increase  of  the  quantity  of  methylene 
groups  in  polyether/polyester  ana  the  presence  of  side  chains  in 
glycol  component,  which  to  nigu  ueyree  decreases  the  strength. 
Deterioration  in  some  mecnamcai  caaracteristics  in  these  cases  is 
bonded  with  a  redaction  in  tne  concentration  of  ester  groups,  which 
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decreases  a  quantity  of  molecular  bonds,  caused  by  the  reaction  of 
these  groups  with  other  polar  groups  in  chains  is  polyurethane. 
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Analogously  are  lowereu  the  pnysicomechanical  properties  it  is 
polyurethane  during  the  replacement  of  polyester  on  simple,  which,  as 
showed  Smith  and  Magnusscn  [did],  is  bonded  with  the  absence  of  ester 
groups  in  polyurethane  on  the  oasis  polyethers.  They  studied 
elastomers  on  the  basis  or  simple  and  polyesters, 

2, 4-toluenediisocyanate  and  tnmetnylol  propane.  As  polyether  was 
taken  PPG,  as  complex  ones  served  polyether/polyester,  obtained 
during  copoly  merization  aetfayl-e-  and  t-  caprolactone.  During  the 
comparison  of  some  characteristics  of  both,  it  is  polyurethane  it 
turned  out  that  if  the  modulus  or  elasticity  cf  polyurethane  cn  the 
basis  of  PPG  was  9.1-12.1  xg/cm2,  then  during  the  replacement  of  PPG 
by  polyester  it  was  raised  to  lu.b-24.3  kg/cmz. 
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Table  42.  Dependence  of  tne  properties  of  polyurethane  elastcaers  on 
the  structure  of  polyesters. 
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Key:  (1).  Glycol.  (2).  Acid,  (3).  Tensile  strength,  kg/ca2.  (4). 
Elongation  at  rupture.  (5) .  Limit  of  strength  to  tear,  kg/ca*.  (6) . 
Ethylene  glycol.  (7).  Succinic,  (d)  .  Adipic.  (9).  Diglycollic.  (10). 
Propy leneglycol.  (11).  Butyleaeylycol . 


Table  43.  Properties  of  poiy urethane  elastomers  on  the  basis  of 


coaplez  polyetherdiol. 
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Key:  (1).  Polyester.  (2).  Tensile  strength,  kg/ca*.  (3).  Elongation 
at  rupture*  o/o.  (4).  Permanent  elongation.  (5).  ffodulus  of 
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elasticity  with  300o/o  elongatiou,  kg/cm2.  (6) .  Liait  of  strength  to 
tear,  kg/cm2.  (7).  Shore  hardness  (scale  B)  .  (8). 
Polyethyleneadipate.  (9}.  Poly- 1, 4-butyleneadipate.  (10). 

Poly- 1, 5-pentmethyleneadipate.  (11).  Polyethy lenesuccinate.  (12). 
Poly-2, 3-butylenesuccinate.  (13).  Polyneopentylsuccinate. 
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According  to  [208],  poiyuretuane  elastomers  on  the  basis  of 
polyesters  (polyethy leneylycoiadipate)  possess  large  strength,  wear 
resistance,  stability  to  tae  aotion/ef f ect  of  solvents,  than 
polyurethane  on  the  basis  polyethers  (polytetraaethyleneglycol  and 
polyoxy propyleneglycol)  .  tnis  teiis  about  the  great  effect  of  ester 
groups  on  mechanical  properties  it  is  polyurethane.  The  strength  of 
the  aolecular  bonds,  formed  uy  ester  groups  with  other  groups  of 
polymer  chains,  is  so  great  which  rrequently  succeeds  in  obtaining 
the  linear  polyurethane  elastomers,  which  possess  excellent 
mechanical  properties  at  room  temperature  [306]. 

A  change  in  molecular  weight  of  polyester  insignificantly 
affects  initial  properties  it  is  polyurethane,  as  shown  in  the 
example  of  polyethy leneglycoiadipate  [175,  305]  (table  44).  During 
storage  elastomers  on  tne  oasis  oi  polyether/polyesters  with  large 
molecular  weight  it  is  slow  tney  are  crystallized.  Kith  the  smallest 
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of  studied  molecular  weiyats  (1ja5)  was  observed  the  smallest 
capability  for  crystallization,  out  strength  to  tear  and  elasticity 
they  were  small.  A  change  ia  molecular  weight  fro*  2160  to  4680  did 
not  virtually  affect  the  mecaanical  properties  of  polymeters  on  their 
basis,  but  from  1180  to  2160,  it  increased  strength  by  tear  and 
elongation. 

In  accordance  with  tradings,  optimal  molecular  weight  of 
polyethyleneglycoladipate  used  tor  synthesis  is  polyurethane, 
considered  *olecular  weiyat  or  order  2000. 

The  study  of  the  piiysicomecnanical  properties  of  polyurethane 
with  different  molecular  weiynta  or  polyisophthalate,  which  presents 
the  mixture  of  poly- 1, 4-aminohutyieneadipate  (PBA) , 
poly- 1, 5-amyleneisophthalate  (PA1)  ,  poly ethyleneisophthalate  (PEI) 
[196|]  showed  that  molecular  weiyat  of  polyester  considerably  changes 
physical  properties  it  is  polyurethane  (Table  45) . 
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Table  44.  Dependence  of  the  properties  of  polyurethane  elastomers  on 
molecular  weight  of  polyether/polyester  and  quantity  of  diisocyanate. 
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Key:  (1).  polyether/polyester.  (2).  Quantity  of  diisocyanate,  g/100 
ml  of  polyether/polyester.  (3)  .  Tensile  strength,  Jig/cm2.  (4)  . 
Elongation  at  rupture.  15) .  lioduie/modulus  of  elasticity  during 
300o/o  elongation,  kg/ca*.  (6).  limit  of  strength  to  tear,  kg/cm*. 
(7).  Elasticity.  (8).  Snore  hardness  (scale  A). 
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Speciaen/sanples  wita  the  greatest  tensile  strength  are  obtained 
on  the  basis  of  poly iscpntnalate  with  a  molecular  weight  of  600.  An 
increase  in  molecular  weight  to  2000  decreases  the  tensile  strength 
it  is  polyurethane. 


In  work  [266]  investigated  tne  effect  of  molecular  weight  of  the 
polyester  of  adipic  acid  and  mixture  of  ethylene-  and  propyleneglycol 
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(nolecular  ratio  70:  30)  on  tne  value  of  module/modulus  it  is 
polyurethane.  It  is  shown,  wmca  with  an  increase  in  molecular  weight 
of  polyether/polyester  Horn  1x00  to  3200  values  of  nodule/aodulus 
with  100,  200  and  300o/o  elongation  is  lowered. 

The  effect  of  nolecular  weigut  polyether  on  aechanical 
properties  of  polyurethanes  [1b7J  is  studied  on  prepolyaers  with 
2,4-TDI  and  PPG  of  different  molecular  weight  with  relationship/ratio 
NCO:OH=2:1;  hardener  -  metuy lene-ms-o-chloraniline .  It  is 
establish/installed,  that  tne  tensile  strength,  aodule/aodulus  and 
soae  other  characteristics  are  improved  with  smaller  molecular  weight 
(Table  46).  With  an  increase  in  molecular  weight  of  PPG,  descends  the 
abradability  and  increases  elasticity  it  is  polyurethane. 

Polyuret haneacr ylate  (polyurethane  materials  on  the  basis  of 
cligoester,  diisocyanates  and  mono-methacr y lie  ether/ester  of 
ethylene  glycol)  possess  tne  nest  tensile  strength  with  light 
nolecular  weights  both  of  simple  and  complex  cligoester  [ 86 ]  (Table 
47) .  Kith  an  increase  in  aoiecular  weight,  the  strength  decreases, 
but  increases  relative  extension  at  break. 
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Table  45.  Dependence  of  tne  pnysical  properties  of  polyurethane 
prepolymer  on  nunerical  average  molecular  weight  of  polyisophthalate. 
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Key:  (1).  fl  of  polyisopnthalate .  (2,).  Coaponent.  (3).  By  tensile 
strength,  kg/cm*.  (4).  Elongation,  o/o.  (5).  Hardness  per  Hellas. 
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During  the  investigation  or  tne  effect  of  molecular  weight  on 
the  mechanical  properties  or  poly ureaurethane  on  the  basis  of  TDI  and 
polyoxyethyleneglycol  (PEG)  is  calculated  the  content  of  uric  and 
urethane  groups  [229],  It  was  established  that  an  increase  in 
molecular  weight  of  oliycester  is  accompanied  by  the  decrease  of  the 
content  of  urethane  and  uric  groups,  which  causes  a  reduction  in  the 
strength,  but  increases  elasticity  and  elongation  (Table  48)  . 
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The  analogous  effect  or  tne  molecular  weight  of  oligoester  on 
mechanical  properties  is  observed  also  for  polyurethane  coatings 
[  102,  103,  1  19,  120,  123]. 
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Table  46.  Mechanical  proper ties  ot  elastomers  on  the  basis  of  PPG  and 
2,  4-TDI. 
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Key:  (1).  Property.  (2).  Tensile  strength,  kg/ca*.  (3).  Relative 
elongation  with  detachaent.  (4)  .  dodule/modulus  of  elasticity  during 
300o/o  elongation,  kg/crn2.  (5).  Strength  to  tear  (per  Graves), 
kg/ca2.  (6).  Shore  hardness  (scale  A).  (7).  Loss  of  mass  during 

abrasion  through  1000  cycles  (per  Taber),  mg.  (8).  Brittle  point  (per 
Tinius-Olsen) ,  °C.  (9) .  Resilience  (per  Bayshcre) ,  0/0. 


Table  47.  Soae  physicoaechanxcai  properties  of  polyurethaneacrylate. 
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Key:  (1).  Oligoester glycol,  (k)  .  ui isocyanate.  (3).  Tensile  strength 
of  kg/ca*.  (4).  Elongation  at  rupture.  (5).  calculated.  (6). 

Polyoxy propyleneglycol.  ( 1 ).  Drpnenylmethane  diisocyanate.  (8).  The 
sane.  (9)  .  Adipic  acid  ana  ethylene  glycol. 
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Thus,  a  change  in  molecular  weight  of  initial  oligoester  Bakes 
it  possible  to  vary  the  properties  of  polyurethane  materials,  which 
is  bonded  with  different  concentration  of  polar  groups  at  different 
length  of  oligoester  block. 

The  value  of  optimal  molecular  weight  of  initial 
polyether/polyester  depends  on  tne  nature  of  cligoester  and  is 
determined  mainly  by  the  tlexioility  of  the  latter:  the  more  the 
flexibility  possesses  the  molecule  of  oligoester,  by  the  fact  with 
smaller  molecular  weight  it  is  possible  to  obtain  polyurethane  with 
optimal  properties. 

Structure  of  diisocyanate. 

Properties  it  is  poiyuretnane  they  depend  on  the  nature  of 
isocyanate,  utilized  with  synthesis.  Table  49  shows  the  effect  of  the 
structure  of  diisocyanates  on  tne  properties  of  elastomers  on  the 
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basis  of  polyethyleneg lycoladipate  of  molecular  weight  2000  [175],  as 
hardener  served  water. 

It  was  established  that  tne  sulky  aromatic  groups  of 
diisocyanates  to  a  consideraole  uegree  contribute  to  an  increase  in 
strength  of  elastomers.  These  results  will  agree  with  data  [287] 
(Table  50) .  Module/aodurus,  strength  by  tear  and  hardness  are 
increased  both  during  the  introduction  of  rigid  aromatic  structures 
and  in  the  case  of  diisocyanates  without  methylene  substituents. 
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Table  48.  Characteristics  or  polyureaurethane  films  on  the  basis  of 
TDI  and  polyethers. 
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Key:  (1).  Property.  (2).  Polyol,  (J)  .  Content  of  urethane  groups. 
(4)  .  Content  of  uric  groups.  (5) .  Content  of  aromatic  groups.  (6)  . 
Maximum  tensile  strength,  kg/cm2.  47).  Maximum  elongation. 


Table  49.  Effect  of  the  structure  of  isocyanates  on  the  properties  of 
polyurethane  elastomers. 
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HHe  npH 
paapuBe, 

% 

npenefl 
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KeJCM ■ 

2,4-TojiyH.ieHjHH3ouHaHaT 

200—249 

730 

83 

!,5-Ha(pTH.lPHJHH30UHaHaT  (U> 

308 

765 

166 

2,7JhjlyopCHAHH30UHaKaT  (-1) 

434 

660 

141 

Key:  (1).  Diisocyanate.  (2).  Tensile  strength,  kg/cm*.  (3). 
Elongation  at  rupture.  (4).  r.rait  of  strength  to  tear,  kg/cm2.  (5). 
Toluenediisocyanate.  (6).  Naphtny renediisocyanate.  (7). 
Fluorenediisocyanate . 
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The  mechanical  pcopectJ.es  at  elastoaecs  ace  determined  not  only 
by  the  natuce  of  diisocyanate,  but  also  by  the  relationship/ratio  in 
it  of  isomecs  [290].  Investigated  the  effect  cf  celationship/ratio 
4,4*-  and  2,4*-diphenylmethaneaiisocyanate  on  mechanical  pcoperties 
it  is  polyucethane  on  the  oasis  o r  poly caprolactone  (aol.  weight 
1050)  and  of  butanediol  (Fig.  di)  and  it  is  establish/installed,  that 
the  fundamental  characteristics  wocsen  with  an  increase  in  the 
content  of  2,4'-isomer.  inis  pnenoaenon  is  bonded  with  a  change  in 
the  symmetry  of  polymer  cnains  during  a  change  in  the  isomeric 
composition  of  diisocyanate. 

Effect  of  the  nature  of  toe  structure  of  grid  and  types  of  cross 
connections  on  properties  is  polyurethane. 

Examining  the  effect  of  the  nature  of  coaponents  on  aechanical 
properties  it  is  pol y uretnane,  one  should,  first  of  all,  investigate 
their  role  in  the  structure  of  tue  grid  of  polymers,  since  to  the 
nature  of  cross  connections  in  polyurethane,  their  quantity, 
regularity  of  the  construction  of  three-dimensional  grid  are  the  aain 
thing  by  the  factors,  whica  condition  the  physicomechanical 
properties  of  polymers. 


DOC  =  79011109 


P  AU£  Mi 


Many  researchers  studied  me  influence  of  the  network  density, 
calculated  theoretically  or  ny  taat  determined  experimentally,  to 
mechanical  properties  was  polyurethane  [  130,  186,  224,  287,  305, 
317],  For  example,  is  represented  the  dependence  of  some  mechanical 
properties  of  polyurethane  runner  SKU-V  (on  the  basis  of  complex 
poly functional  polyether/polyester  P-V  and  2,-TDI)  on  the 
relationship/ratio  of  TDI:  poly etner/polyester . 
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Table  50.  Effect  of  the  structure  of  diisocyanates  on  the  properties 
cf  polyurethane  elastomers  oq  tne  oasis  of  polyesters  (hardener 


glycol)  . 
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552,5 

600 
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61 

TaHAHH3ouuaHaT  (iM 

371,0 
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42,0 
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47 
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H30UHanaT  0%' 
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245,0 
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10 

21,0 

16,2 

56 

AMH30UHaH3T  (|4  > 

280,0 

400 

10 

161.0 

32,4 

70 

Key:  (1).  Diisocyanate.  (2).  Tensile  strength,  kg/cm*.  (3). 

Elongation  at  rupture.  (4).  Permanent  elongation.  (5).  Module/modulus 
of  elasticity  during  300o/o  elongation,  kg/cm*.  (6) .  Limit  of 
strength  to  tear,  kg/cm2.  (7).  Snore  hardness.  (8). 

Naphthy lenediisocyanate.  (9).  Pnenylenediisocyanate.  (10). 
Toluenediisocyanate .  (11).  Drpneuy imethane  diisocyanate.  (12). 

Dimethyl-4. 4 • -diphenylaetnanedirsocyanate.  (13)  . 
Diphenylisopropyldiisocyanate .  (14) . 

Diaet  hy 1-4, 4 ' -toluenediisocyanate. 
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During  an  increase  in  tue  reiationship/r at io  of 
TDIspolyether/polyester  from  0.8  to  1.1  values  Me,  determined 
according  to  the  equilibrium  modulus,  it  varied  froa  41500  to  1650, 
tensile  strength  was  increased,  and  relative  elongation  continuously 
fell  (Fig.  84) . 

In  other  cases  the  character  of  the  dependence  of  mechanical 
properties  on  network  density  is  more  complex  [287,  135],  Table  51 
gives  the  results  of  studying  the  effect  of  network  density  on  the 
basic  physicomechanica 1  properties  of  elastomers  on  the  basis  of 
polyethyleneglycoladipate,  dipnenylmethane  diisocyanate  and 
trimethylol  propane  [287],  Value  Me  is  calculated  theoretically  from 
stoichiometric  composition. 

Decrease  Mc .  from  21000  to  5300  leads  to  softening,  strength 
with  extension,  elongation,  moauie/modulus  and  strengths  by  tear,  is 
increased  at  the  same  time  elasticity.  According  to  [287],  during  an 
increase  in  the  maturing  degree  oecause  of  primary  chemical  tends 
hinders  the  most  advantageous  foi  inter molecular  interaction 
arrangement  of  chains  in  space,  wmch  decreases  the  effectiveness  of 
int er molecular  interaction.  Consequently ,  great  effect  on  mechanical 
properties  it  is  polyurethane  is  exerted  secondary  molecular  bonds. 
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Pig.  83.  The  dependence  o i  isomeric  conposition  and  physical 
properties  of  elastomers  on  tae  basis  of  polycaprolactone, 
butanediol,  4,4'-MDI  ana  2,4  '-flDI;  1  -  tensile  strength,  kgf/cm2 
(x70)  ;  2  -  module/modulus  during  IdOo/o  elongation,  (kgf/cm2  (x7)  ;  3 
-  ultimate  elongation,  o/o  (xlciU). 

Key :  (1) .  mole. 

Pig.  84.  Dependence  of  physicomecaanica 1  properties  of  polyurethane 
SKU-V  on  initial  relaticnsnip/r atio  of  TDI/poly ester :  1  -  breaking 
strength;  2  -  relative  elougation. 


Key;  (1).  Relative  elongation.  (2)  .  Breaking  strength,  kgf/cm2.  (3) 
TDI/polyester ,  mole/mole. 
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Further  increase  iu  tne  denseness  of  cross-linking  (decrease 
Mr  from  5300  to  2100)  leads  to  an  increase  in  the  module/modulus, 
which  indicates  the  prevailing  street  of  primary  cross  connections  on 
a  change  in  the  mechanical  properties.  During  the  study  of  mechanical 
properties,  it  is  polyuretnaue  on  the  basis  of  polyesters,  TDI  and 
trimethylol  propane  it  was  observed  the  extreme  dependence  of 
breakdown  stress  from  tne  degree  at  reticulation,  determined 
experimentally  [130],  (fig.  db) ,  which  will  agree  with  other  data  [ 1, 
118]. 


We  consider  that,  explaining  the  extreme  dependence  of 
mechanical  properties  on  uetworx  density,  it  is  necessary  to  consider 
a  change  in  the  flexibility  of  chains  from  network  density.  So,  with 
large  ones  Mf,  when  the  tiexioility  of  the  cuts  between  network 
points  is  great,  is  possible  the  approach  of  the  cuts  of  chains  and 
the  formation  of  a  large  number  or  molecular  bonds  because  of  the 
presence  in  polyurethane  of  tne  polar  groups  cf  different  types, 
obviously,  with  large  cnes  wuen  the  contribution  of  secondary 

bonds  to  common  network  density  is  polyurethane  on  the  basis  of 
polyesters  it  is  great  J.118J,  tne  mechanical  properties  of  these 
polyurethanes  will  be  determined  mainly  by  the  concentration  of 
aolecular  bonds  (Table  54)  . 
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Table  51.  Effect  of  maturing  degree  on  the  properties  of  polyurethane 


elastomers  on  the  basis  cf  polyesters. 
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46 
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0 

23.1 

7,2 

51 
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392.0 

490 

5 

32,2 

10.8 

55 

21  000 

.  385.0 

510 

10 

35,0 

25,2 

56 

Key:  (1) .  elastomer.  (2) .  Tensile  strength,  kg/cm2.  (3) .  Elongation 
at  rupture.  (4) .  Residual,  elongation.  (5) .  Hcdule/nodulus  of 
elasticity  during  lOOo/o  elongation,  kg/ca2.  (6).  Limit  of  strength 
to  tear,  kg/cm2.  (7).  Shore  uardhcss  (scale  B)  . 

6,nr/cn*  (*•> 


■y-  ■  10  f  moi it /cm3  ^30 

Fig.  85.  Dependence  of  breakdown  stress  from  degree  of  reticulation: 
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1  -  Polydiethylenesuccinate  uretnane;  2  -  Polydiethyleneadipate 
urethane;  3  -  Polydiethyleneseoacate  urethane. 

Key;  (1).  kgf/cm2.  (2).  moie/ca3. 

Page  159. 

Decrease  Me  leads  to  a  reduction  in  the  flexibility  of  the  cuts  of 
chains  and  an  incidence/drop  in  ue  number  cf  secondary  bonds  in 
common/general/total  networx  density.  Further  increase  of  the  number 
of  nodes  in  grid  because  of  tne  introduction  of  the  trifunctional 
crosslinking  agent  so  decreases  tae  flexibility  of  the  cuts  between 
nodes,  that  a  quantity  of  secondary  cross  connections  very  falls.  The 
dominant  role  from  this  point  on,  oelongs  to  the  chenical  cross 
connections  an  increase  in  quantity  of  which  contributes  to  an 
increase  in  module/ocdulus  L2d7j. 

The  comparison  of  the  data  of  Table  51  and  52  shows  that  value  M 
it  is  polyurethane  the  basis  or  different  polyether/polyesters  it 
dissimilarly  affects  their  mecnanical  properties.  So,  dependence  on 
the  module/modulus  cf  hardness,  elongation  at  rupture  in  range 
from  2000  to  5000-6000  is  identical  for  simple  and  polyesters.  At  the 
same  time,  if  in  the  case  of  polyesters  tensile  strength  with  change 
Mr  from  2000  to  3000  decreases,  tuen  for  polyethers  -  it  leads  to  an 
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increase  in  the  tensile  strength.  1‘his  can  be  bonded  with  the  fact 
that  in  elastomers  the  oasis  poiyethers  the  inter  molecular  forces  do 
not  play  this  role  as  in  elastomers  the  basis  of  the  polyesters  in 
which  the  presence  of  caroonyl  group  contributes  to  the  emergence  of 
a  large  quantity  of  molecular  bonus. 

Sometimes  the  dependence  between  the  structure  and  properties  it 
is  polyurethane  on  the  basis  poiyethers  the  same  as  for  polyesters, 
which  was  observed  during  tne  study  of  the  interrelation  of  structure 
and  properties  of  the  elastomers  from  prepolymer  on  the  basis  of 
poly-1, 4-hydroxybutyleneylycol,  solidified  by  aromatic  diamines  [163, 
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Table  52.  Effect  Mc  on  tne  uiecnauical  properties  of  elastomers  on 
the  basis  of  prepoly  mers  from  poly-  1 , 4-h  ydroxybut  yleneglycol  and 
diisocyanate  with  a  molecular  weight  of  approximately  2000, 


solidified  by  the  mixtures  of  diol  and  triol. 
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Key:  (1)  .  Quantity  of  haraener  on  1  gram  equivalent  of  prepolymer. 

(2)  .  Tensile  strength,  Kg/cmz.  id)  .  Elongation  at  rupture.  (4)  .  shear 
modulus  during  lOOo/o  strain,  ity/ci2.  (5).  Shore  hardness  (scale  A). 
(6).  Strength  to  tear  per  virace,  Kg/cmz.  (7).  Hexanetriol.  (8). 
Polyoxi propylenetr iol.  (•*)  .  peucanediol.  (10). 

Polyoxy propylene glycol . 
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With  an  increase  in  tne  portion/fraction  of  aromatic  part,  such 


elastomers  acquire  the  large  part  cf  the  strength  because  of 
molecular  bonds  similar  to  elastomers  on  the  basis  polyesters 
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During  the  determination  or  the  modulus  of  elasticity  of 
expanded  polyurethanes  on  the  oasis  of  simple  (POPG)  and  complex 
(polyesteradipate)  pol yetner/polyesters  depending  on  M,  [176]  it 
turned  out  that  the  character  of  a  change  of  the  oodula/aodulus  with 
network  density  in  both  cases  was  identical.  At  the  same  tine,  at  one 
and  the  same  temperatures  expanueu  polyurethanes  on  the  basis  of 
polyester  possess  greater  strength  during  compression  and  large 
modulus  of  elasticity,  than  expanued  polyurethanes  on  the  basis 
polyethers,  which,  in  addition  is  caused  by  different  quantity  of 
molecular  bonds  during  the  utilization  of  polyether/polyesters  of 
different  nature. 

Is  investigated  the  ertect  or  the  degree  of  cross-linking, 
calculated  theoretically  aau  ay  that  determined  experimentally,  to 
some  physicomechanical  properties  of  polyurethane  coatings  [53,  90, 
100,  102-  104,  119-123  ].  laoie  53  gives  the  dependence  of  the 

properties  of  polyurethane  coatiugs  for  the  basis  of  the  copolymer  of 
tetra hydrof uran  with  25o/o  of  oxide  of  propylene  (mol.  weight  1200) 
and  of  adduct  of  TDI  and  triaethylol  propane  on  value  M,.  by  that 
designed  theoretically  ty  method  or  Sandridge  [302].  Here  are 
represented  the  results  or  tne  calculation  cf  the  concentration  of 
urethane  [0]  and  uric  [a]  groups  under  the  assumption  that  the 
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isocyanate  groups  react  wita  cue  rormation  cnly  of  urethane  and  uric 
bonds  [259]. 


The  dependence  of  seme  pay sicomechanical  characteristics  of 
polyurethane  coatings  on  tne  basis  of  copolymer  indicated  previously, 
adduct,  but  with  the  addition  50o/o  trimethylclpropane  [122]  is  shown 
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Pig.  86.  The  dependence  ot  streagtn  with  the  break  iaP).  of  ultimate 
elongation  (0  and  relative  nacdneas  of  coatings  on 
relationship/ratio  HCO/OH:  1  -  relative  hardness;  2  -  breaking 
strength;  1  -  ultimate  elongation. 


Key;  (1)  .  kgf/cm2.  (2)  .  haraaess. 
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Pig.  78.  Structure  of  cross-liamed  polyurethane,  obtained  from 
macro-diisocyanate  on  basis  pPG-bOo  with  80°C. 
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Fig.  79.  structure  of  crcss-ianicea  polyurethane  on  basis  of  PPG-2000 
at  60«>  (a)  1250c  (b)  . 


Fig.  80.  Structure  of  speciaen/saaples  of  cross-linked  polyurethane 
on  basis  PP&-1000  (a)  ana  PrmjrlOOO  (b)  at  80°C. 
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Pig.  104.  x-ray  photograpn  or  poxy  urethane  on  basis  of 
polyd iethyleneglycoladipate:  a)  oarore  stretching;  b)  after 
stretching  to  lOOo/o. 

Page  161 . 

The  last  component  is  introduced  for  reducing  the  excess  of  isocyarate 
groups  in  the  initial  compositions. 

The  given  results  tell  about  the  fact  that  an  increase  in  the 

network  density  of  poly uretnane  coatings  on  the  basis  of  simple 
oligoester  causes  a  monotouic  increase  in  hardness  and  strength  of 
coatings,  decreasing  in  tnxs  case  relative  elongation. 

For  coatings  on  the  oasis  or  complex  [102]  and  silicon-bearing 


oligoester,  the  character  or  a  cnange  in  the  physicomechanical 
properties  with  network  aeusxty  is  analogous  such  for  coatings  on  the 

basis  of  siaple  oligoester  (Table  34,  Fig.  87)  . 
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Table  53. 
the  basis 
propylene 


PhysiconechaRxcdl  properties  of  polyurethane  coatings 
of  the  copolymers  or  tetrahydrof uran  with  oxide  of 
and  adduct  of  TiU  and  TMP. 
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Key:  (1).  Composition  of  poiyesterglycol.  (2).  mole/g.  (3). 
calculated.  (4) .  Relative  uardness  on  M-3.  (5) .  Strength  with  break 
(20°C)  ,  kg/cm*.  (6).  Ultimate  elongation. 


Table  54.  Physicomechamcal  properties  of  the  polyurethane  coatings 
containing  silicon. 
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Key:  (1).  Composition  cf  composition.  (2).  mole/g.  (3).  calculated. 
(4) .  Relative  hardness  on  M-J.  (5> .  Strength  with  break  of  kg/cm2. 
(6).  Ultimate  elongation.  (7) .  adduct  of  biuret  structure.  (8).  the 
same  adduct. 

Page  162. 

An  increase  of  the  quantity  of  cnemical  nodes  in  the 
three-dimensional/space  grid  or  polyurethane  is  led  to  a  certain 
degree  for  the  decrease  of  tne  effect  of  physical  bonds  on  mechanical 
properties  it  is  polyuretnane.  Taerefore  if  fcr  elastomers  on  the 
basis  of  complex  and  simple  ongoester  with  large  ones  Ai  are 
observed  differences  in  a  change  of  phys icoaechanical  property  with 
change  Mc  to  certain  limit,  then  with  further  decrease  Mf,  when  the 
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contribution  of  physical  oonds  to  common/general/total  network 
density  becomes  less,  these  dirterences  are  smoothed.  It  is  obvious, 
on  the  sane  reason  for  the  coatings  where  the  effective  density  of 
cross-linking  is  much  more  tuan  in  elastomers,  it  is  not  noticed 
essential  differences  in  tne  character  of  a  change  in  the  basic 
mechanical  properties  vita  network  density  during  the  utilization  of 
oligoester  of  different  nature. 

Thus,  the  degree  or  reticulation  determines  to  a  considerable 
extent  the  physicomechanicai  properties  cf  polymers.  Another 
important  factor,  especially  wita  increased  temperatures,  is  the 
nature  of  cross  connections  in  three-dimensional/space  grid  it  is 
polyurethane,  that  depends  on  the  nardener  used.  As  a  result  of  the 
investigation  of  effect,  it  is  diamine  [274]  and  water  [279]  as  the 
hardeners  to  the  properties  or  polymers  on  the  basis  of  different 
diisocyanates  it  is  estanlish/installed  (Table  55) ,  that  strong 
inter  molecular  interaction  in  pciyiaers  leads  to  the  fact  that  the 
elastomer  acquires  the  high  values  of  module/modulus  and  strength  for 
tear  as  a  result  of  forming  the  uric  groups  during  solidification  by 
diamines . 

The  presence  of  rigid  segments  in  chain  (bulky  aromatic 
diisocyanates  and  aromatic  diamines,  used  as  hardener)  also  provides 
the  high  values  of  module/moaulus  and  strength  for  tear.  The  presence 
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of  pliable  groups  in  haraeaer,  rue  example  thioester,  lowered  tensile 
strength,  strength  to  tear,  aou ule/modulus  and  hardness. 

Consequently,  applicatioa/use  it  is  diamine  as  hardeners  is  led 
in  a  nuaber  of  cases  to  an  improvement  in  the  mechanical  properties 
as  a  result  of  the  formation  of  strongly  polar  uric  groups. 
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Pig.  87.  The  dependence  of  tne  ureakdown  stresses  of  free  films  on 
the  basis  of  oligodiethyleneglycoj-adipate  (ODA)  from 
relationship/ratio  NCO/OH:  1  -  ODA-400;  2  -  ODA-600;  3  -  ODA-800. 


Key:  (1)  .  kgf/cm*. 

Page  163. 


Investigated  [by  227J  tne  ertect  of  structure  it  is  diamine,  in 
particular  quantity  of  cacuon  acorns  in  them,  to  the  mechanical 
properties  of  the  polyester— urecnane  fibers,  obtained  on  the  basis  of 
complex  oligoester  (ol igoetnyleoegiycoladipate  with  a  mol.  weight  of 
2000)  and  of  dipheny lmethane  misocyanat e.  Fibers  developed 
rubber— like  properties,  in  spite  or  the  absence  of  chemical  cross 
connections,  which  is  caused  by  the  formation  of  the  sufficiently 
strong/durable  grid  of  physical  oonds.  The  fibers,  obtained  on  basis 


i 
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it  is  diamine  with  the  odd  au uuei;  of  atoms  of  carbon  (Fig.  88),  they 
have  higher  breaking  strength  and  greater  elongation;  reverse  picture 
is  observed  for  a  modu le/aouuius.  it  is  possible  to  assume  that  this 
abrupt  change  in  the  properties  it  is  polyurethane  with  the  content 
of  a  number  of  carbon  atoms  nontiea  with  the  formation  of  different 
number  of  secondary  physical  oouds  in  the  polymers  being  investigated 
in  the  case  of  even  and  odd  guantities  of  carbon  atoms  in  diamine. 

For  proof  of  this,  are  necessary  further  investigations  with  the 
attraction  of  the  fine/tninner  pnysicochemical  methods  of  studying 
the  structure  of  polymers. 

Claff  and  Glading  [187]  investigated  effect  of  the  type  of  cross 
connections  on  the  properties  ot  urethane  elastomers  on  the  basis  of 

simple  oligoester.  The  studied  linear  polyurethane 

r  o  o 

-  (OCH,CHaCH,CHl)„1-0-ii-N-CH,CH,-N-d- 

(CH,i, 

(b.OH  ^H  =  CHSJ, 


are  synthesized  from  bis-chlorofor mate  of 
poly- 1,4-hydroxybutyleneglycor  and  N-2 
hydroxyethy 1-1 -pentane  yietny ran eui amine . 
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"Table  55.  Effect  of  harueneis  on  tne  properties  of  polyurethane 

elastomers. 
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Mote.  Last/latter  two  polymers  are  obtained  on  the  basis  of 
poly- 1 , 2-propyleneadipate,  remaining  -  on  the  basis  of 
polye thy leneadipate ;  molecular  weight  of  both  of  polyesters  is  equal 
to  2000. 


Key:  (1).  Hardener.  (2).  Tensile  strength,  kg/cm2.  (3).  Elongation  at 
rupture.  (4).  Module/mcdulus  ox  elasticity  during  300o/o  elongation, 
kg/cra2.  (5).  Limit  of  strengtn  to  tear,  kg/cra2.  (6).  Elasticity.  (7) . 
Shore  hardness  (scale  A) .  (p) .  Toluenediisocyanate.  (9) .  Dianisidine. 
(10).  Toluenediamine.  (11).  Water.  (12).  Hexamethylene  diisocyanate. 
(13).  Diaminodipheny lmetnane. 


Page  164 
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As  the  acceptor  of  acid,  is  unucrtaken  the  water/aqueous  carbonate  of 
sodium.  In  the  molecules  of  such  polymers  two  reactive  centers, 
because  of  which  can  be  roraicU  the  cross  connections:  the  lateral 
hydroxyl  groups,  capable  of  interacting  with  isocyanates,  and  the 
lateral  vinyl,  which  enter  in  reaction  with  gray.  With  the  synthesis 
of  the  three  dimensional  polymer,  were  used  following  hardeners: 

3,  3*- diaet  hoxy-4 ,4  *  -  bi  f  eniiendurogianta  ;  prepolymer  with  terminal 
isocyanate  groups  (mol.  weight  5000),  obtained  during  the  reaction  of 
4  moles  of  poly-1, 4-hydroxyuutyieneglycol  (mol.  weight  1000)  and  5 
moles  of  3, 3' -dimethox y-4, 4 • -eipuenylenediisocy anate;  the 
sulfur-containing  mixture. 

It  was  established  that  the  aodule/modulus,  hardness  and 
elasticity  depend  either  on  chemical  nature  or  on  the  length  of  chain 
of  hardener.  However,  with  tae  same  density  of  cross  connections, 
measure  of  contraction  dunug  compression  (22  h  at  70°C  and  70  h  with 
100°C)  for  the  elastomers,  soiiuined  gray,  is  higher  than  in  the 
elastomers,  solidified  cy  isocyanate.  This  difference  is  bonded  with 
the  fact  that  the  cross  connections,  formed  because  of  sulfur, 
especially  disulfide  type  uomi,  are  less  thermostable,  than  urethane 
type  bond.  The  type  of  cross  connections  has  small  effect  on 
mechanical  properties  it  is  polyurethane  at  room  temperature  [228, 
317]. 
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Fig.  88.  Effect  of  a  number  or  atoms  (n)  of  carbon  in  diamine  on  the 
module/modulus  of  elasticity  during  300o/o  elongation  (a) ,  strength 
(b)  and  ultimate  elongation  (c)  or  polyurethane  fibers. 


Key:  (1).  g/denier.  (2).  Strengta  with  break,  g/denier.  (3). 
Elongation. 


Page  165. 


On  the  other  hand,  tne  melting  point  of  polymers  is  above,  if 
cross  connections  are  formeu  Decease  of  tricl  or  triisocyanate,  and 
it  is  belov,  if  cross- linking  goes  because  of  the  excess  of 
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diisocyanate .  This,  obviously,  it  is  caused  by  the  fact  that  in  the 
latter  case  are  formed  tne  uontuet nostable  allophanate  or  biuret 
groups. 

The  effect  of  ne- thermostable  biuret  and  allophanate  bonds  on 
some  properties  it  is  pciy uc etnaue  shown  for  the  example  of  the 
spongy  materials,  which  contain  *0,  100  and  120o/o  of  diisocyanate 
(isocyanate  index  with  respect  9u,  100,  120)  from  that  required  at 
the  designed  values  M,  from  bOO  to  1730  [  302  ]. 


It  is  establish /i nstalled,  mat  the  spongy  materials  with  index 
120  disintegrate  with  aniline  witn  140°C  much  faster  than  with  index 
90-100.  To  the  reactions  or  cue  destruction  of  allophanate  and  biuret 


After  the  processing/treatment  oy  aniline,  the  spongy  materials  with 
index  120  much  more  strongly  will  swell  in  dimethylacetamide  (DHA) 
with  25°C,  than  polyuretuane  wim  index  90  and  100,  which  indicates 
more  rapid  destruction  ot  cross  connections  in  spongy  material  with 


index  120. 


DOC 


7901 1109 


PAUE 


These  results  are  closely  reiated  to  the  character  of  the  curves 
of  modulus  of  torsional  shear  xor  the  same  spcngy  materials  (Pig. 

89) .  The  spongy  materials  with  isocyanate  indices  90  and  100,  which 
contain  a  very  small  quantity  oi  oxuret  or  allophanet  groups,  have 
relatively  flat  curve  changes  in  tne  mod ule/mcdulus  up  to  temperature 
of  160-170°C.  In  the  case  or  expanded  polyurethanes  with  index  120, 
is  observed  the  break  fci  curve  ana  sharp  lowering  in  the 
module/modulus  with  110-1J0oC. 
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Fig.  89.  The  curves  of  the  dependences  of  modulus  of  torsional  shear 
on  temperature  for  expanuea  polyurethanes  on  the  basis  polyethers:  1 
-  isocyanate  index  120;  =■■<'»*;  2  -  isocyanate  index  100,  -  i,0°.  3  - 

isocyanate  index  120,  mc  -  iaso.  4  -  isocyanate  index  100,  Mc  “  1600  5  - 
isocyanate  index  90,  m,=  moo 

Key:  (1)  .  Hodule/modulus,  Kgr/csa2. 

Page  166. 

It  is  assumed  that  the  latter  is  caused  by  the  destruction  of 
allophanate  or  biuret  groups.  According  to  [249]  the  dissociation  of 
allophanates  becomes  noticeaale  already  at  temperature  of  106°C. 

It  is  investigated  [287 J  the  aependenca  cf  modulus  of  torsional 
shear  on  temperature  it  is  polyurethane  on  the  basis  of 
polyethyleneglycoladipate,  cross-linked  with  trimethylol  propane  and 
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solidified  by  different  mixtures  of  triraethylcl  propane  (TMP)  and  of 
aromatic  glycol  multrathane  X  (tig.  90).  The  modulus  of  elasticity  of 
the  specimen/sample,  whi.cn  does  not  contain  chemical  cross 
connections  (curve  1),  has  tae  hign  value  with  25°C,  but  rapidly  it 
decreases  at  130-150°C.  During  replacement  by  70o/o  of  diol  by  triol 
(curve  2)  the  modulus  of  elasticity  at  room  temperature  is  less  and 
insignificantly  it  is  cnangea  with  an  increase  in  the  temperature  to 
170-1 90°C.  The  f ull/total/coupiete  replacement  of  diol  by  triol  leads 
to  even  greater  expansion  or  cue  temperature  interval,  by  which 
occurs  lowering  the  module/mouulus  (curve  3)  . 

The  observed  character  or  a  cnange  in  the  module/modulus  with 
temperature  is  explaineo  by  the  fact  that  the  secondary  physical 
bonds  much  more  easily  disintegrate  under  the  action/effect  of  heat, 
than  primary  valence  ones.  Tne  elastomer,  which  has  is  many  physical 
bonds  (curve  1) ,  it  is  more  strong/durable  and  it  is  harder  at  room 
temperature,  but  its  stability  is  lower  than  in  the  polymer, 
cross-linked  with  triol. 

For  it  is  polyurethane  tue  mark/brand  Durethane  U,  obtained  on 
the  basis  of  hexamethylene  unsocyanate  and  butanediol- 1, 4  [  204  ],  is 
observed  a  significant  incidence/ur op  in  the  module/modulus  with 
temperature,  especially  alter  «0°c,  which  is  explained  by  destruction 
physical  and,  possibly,  wean  cueaxcal,  the  type  of  allophanate  bonds 


DOC  =  79011109 


P  AOE  Jfit 


(Pig.  91).  Thermoplastic  polyuretnane  of  another  nature  [270,  342] 
possess  excellent  properties  at  low  temperatures  -  high  near 
resistance,  stability  to  tae  action/effect  of  ozone,  radiation,  oils, 
aliphatic  solvents.  At  cigu  temperatures  in  these,  it  is  polyurethane 
considerably  they  deteriorate  mechanical  properties  as  a  result  of 
the  dissociation  of  physical  uonds.  For  their  improvement  is 
recommended  the  vulcanization  vita  peroxides  and  epoxies. 

Consequently,  the  physicomecnanica 1  properties  it  is 
polyurethane  they  are  determines  to  a  considerable  extent  by  the  type 
of  the  bonds,  which  compose  tnree-aimensional/space  grid. 


! 
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Fig.  90.  The  dependence  or  aoduiuo  of  torsional  shear  on  temperature 
for  elastomers  on  the  basis  or  polyethy leneglycoladipate  and 
diphenylmethane  diisocyanate:  1  -  Oo/o  of  TMP;  2  -  70o/o  of  TMP ;  3  - 
lOOo/o  of  TMP. 

Key:  (1).  Modulus  of  torsional  saear,  kgf/cra2. 

Page  167. 

Especially  sharply  is  developed  tae  dependence  cf  properties  it  is 
polyurethane  on  the  nature  ol  oouds  with  an  increase  in  the 
temperature. 


The  structure  of  tae  turee-dimensional  grid  of  polyurethane  is 
determined  by  synthesis  conditions  for  polymer.  For  example,  the 
formation  of  grid  will  occur  uirrerently  in  the  case  of  obtaining 
polyurethane  by  mono-  and  two-stage  method.  During  formation  through 
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the  stage  of  prepolymer  (two-sta g«  method)  it  is  possible  to  expect 
the  emergence  of  more  regular  gnu  which  must  lead  to  an  improvement 
in  the  properties  of  polymers.  So,  during  the  investigation  of  the 
properties  of  elastomers  on  the  oasis  of  pol ycxypropy leneglycol,  TDI 
and  3 , 3 • -dichloro-4, 4 • -diamiuodipucny lmeth ane  (MOSA) ,  obtained  by 
prepolymer  and  single-stage  method  [166],  it  turned  out  that  the 
first  have  greater  tensile  strengtn,  but  smaller  strength  to  tear, 
module/modulus  of  elasticity,  elasticity  and  contraction  during 
compression. 

The  polyurethane  ccatrngs  on  the  basis  of  polyesters, 
synthesized  by  single-stage  method  with  20°C,  had  smaller  hardness 
than  obtained  through  the  prepolymer  (adduct  cf  trimethylol  propane 
with  TDI)  [100],  But  at  the  higher  temperature  cf  solidification 
these  differences  disappeared. 

The  polyurethane  elastomers  ou  the  basis  of  polyesters, 
synthesized  by  prepolymer  method  t x90  ],  had  smaller  hardness  and 
tensile  strength,  than  octained  ay  single-stage  method.  Especially 
noticeably  the  method  of  synthesis  was  reflected  in  the  melting  point 
which  proved  to  be  considerably  aoove  in  the  case  of  "single-stage 
ones"  was  polyurethane.  This  gave  the  basis  tc  the  authors  to  draw  a 
conclusion  about  the  greater  degree  of  the  crystallinity  of  these 
polymers. 
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As  can  be  seen  from  cue  comparison  of  data  on  the  effect  of  the 
■ethod  of  synthesis  on  properties  it  is  polyurethane,  it  is  difficult 
to  draw  a  simple  conclusion  anout  the  advantages  of  that  or  another 
method.  It  is  obvious,  necessary  tae  additional  experimental 
investigations  in  this  direction,  which  make  it  possible  to  explain 
the  effect  of  the  methoa  of  obtaining  on  the  structure  of  the 
three-dimensional  grid  ci  poiyuretuane  and,  in  connection  with  this, 
to  their  physicomechanicai  properties. 

£,  dUM/CM2  (i ) 


Pig.  91.  The  dependence  of  the  modulus  of  shear  of  polyurethane  of 
the  aark/brand  "Durethane"  U  on  the  temperature:  1  -  the  additionally 
dried  out  specimen/sam pie  with  29°C;  2  -  specimen/sample,  saturated 
by  4o/o  of  water  and  then  dried  out  at  4°C. 


Key:  (1)  .  dyn/cm* 
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The  results  of  the  investigation  of  the  effect  of  the  nature  of 
components  on  structure  and  properties  it  is  polyurethane  they 
indicate  that  the  physicocnemicai  properties  of  these  materials,  just 
as  other  polymers,  are  determined  uy  molecular  weight  of  initial 
components,  by  effectiveness  o£  inter  molecular  interaction,  by 
hardness  of  the  segments,  vmcu  compose  polymer  chains.  Polyurethane 
can  be  considered  as  blocK  copoiymers  [307]  with  the  soft  segments  of 
simple  or  polyester  and  tne  rigid  segments,  fcrmed  by  urethane  or 
urea  urethane  blocks.  Sett  segments  condition  an  increase  in  the 
elasticity  and  ultimate  elougation.  An  increase  in  the  concentration 
of  rigid  segments  contncutes  to  strengthening  intermclecular 
interaction  and  therefore  raises  tne  hardness  of  polyurethanes,  their 
strength  by  break,  melting  points  and  vitrification,  but  decreases 
elasticity  and  ultimate  elongation.  A  change  in  the  nature  of  soft 
and  rigid  segments  and  type  oi  cross  connections  makes  it  possible  to 
obtain  polyurethane  materials  witn  the  assigned  properties. 

] 

TEMPERATURE  DEPENDENCE  OF  SOME  PROPERTIES  OF  POLYURETHANES.  j 
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The  examination  of  some  pu/sicomechanical  properties  of  the 
polyurethane  elastomers  aiui  otner  materials  showed  that  they  develop 
the  series/number  of  the  speciric  properties,  which  differ  them  from 
other  polymers.  However,  tne  reasons  for  specificity,  until  now,  are 
investigated  very  little,  from  tnis  point  of  view  interesting  to 
study  the  temperature  dependence  or  some  properties  it  is 
polyurethane  in  solution  ana  olock.  It  is  important  to  also  explain  a 
question  concerning  what  properties  of  the  isclated/insulated 
macromolecules  are  transmitted  to  polymeric  body  and  as  this  occurs. 

It  is  reveal/detected  that  in  polymers  besides  the  basic 
transitions,  bonded  witn  vitnr ication,  there  are  additional 
temperature  transitions,  wnicn  are  developed  in  the  form  of  the 
anomalies  of  the  temperature  dependence  of  some  properties  [  138,  139, 
152,  197,  209,  295,  301,  331,  34zj.  This  type  of  transitions  are 
reveal/detected  both  in  the  pure/ciean  polymers  and  in  solutions 
[1^9,  152,  209,  295].  So,  tne  additional  conformational  transition  of 

polystyrene  in  block,  is  revealed  in  the  form  cf  the  washed  away 
maximum  of  approximately  50°C  in  tne  curve  of  differential-thermal 
analysis  [344];  a  sharp  incidence/arop  in  the  internal  pressure  (i.e. 
energy  of  cohesion)  [301];  increase  in  the  Bragg  distances  between 
phenyl  groups  [246];  break  on  diiatometric  straight  lines  [197],  In 
solutions  analogous  transitions  were  detected  in  the  form  of  an 
anomalous  dependence  of  intrinsic  viscosity  and  size/dimensions  of 
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balls  f  152,  295];  the  dielectric  power  factor  [  138,  139]; 
incidence/drop  in  the  anisotropy  or  chain  with  temperature  [152];  the 
jump  of  surface  tension  [209], 

Page  169. 

For  ether/esters  or  cellulose,  is  found  the  collection  of 
transition  temperatures  and  the  conclusion  is  made  that  the  latter 
are  caused  by  a  change  in  tne  molecular  mechanism  of  the  motion  of 
macromolecules  [107].  Sc,  tne  lowest  temperature  of  transition 
answers  a  minimum  number  ol  possinle  conformations,  and  in  proportion 
to  an  increase  in  the  temperature  a  number  of  conformations  and  free 
space  are  increased  by  cooperative  method,  i.e.,  these  transitions 
can  be  considered  as  ccnrormationai. 

Is  made  the  attempt  to  connect  temperature  transitions  in  dilute 
solutions,  reflecting  conformational  transformations  in  the 
isolated/insulated  macromolecules,  with  temperature  transitions  in 
polymeric  block,  that  tear  cooperative  character  [95].  The  authors 
tried  to  reveal/detect  conformational  transitions  for  was 
polyurethane  different  type.  It  was  assumed  that  the  presence  in  the 
polyurethane  chain  of  two  types  or  sections  (pliable  ether/ester  or 
glycol  component  and  rigiu  urethane  groups),  capable  of  forming 
intra-  and  inter molecu lar  nyurogen  bonds,  must  in  a  specific  manner 
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affect  the  temperature  dependence  of  some  properties  of  polymers.  Are 
carried  out  dilatometric  measurements,  differential-thermal  analysis, 
and  is  also  measured  the  cnaractenst  ic  viscosity  of  the  solution  of 
some  polyurethanes. 

Are  investigated  two  specimeu/samples  cf  prepolymers  on  the 

V'  CD 

basis  of  polyd iethylenegiycolaaipate  (mol.  weight  1600  and  1  400)  and 
of  mixture  of  isomers  2,4-  and  z,o-TDI  (corresponding  mol.  weight  it 
is  polyurethane  3200  ana  13  bdu) ,  and  also  polyurethane  on  basis  of 
1, 4-butanediol  and  2,4-TiU  (2,4-PU,  mol.  weight  9000).  Are  measured 
volumetric  expansion  coefficients  tor  the  first  two  specimen/samples 
in  benzene,  methylet hy lketune  and  in  these  solvents  with  the 

addition  of  dichloroacetic  acid  (DKhUK)  and  also  in  pure  DKhUK  (Fig. 
92,  Tabl.  56).  For  2,4-pu  as  solvents,  are  undertaken  cyclohexanone, 
dimethyl  formamide  (DMF)  and  their  mixtures  with  DKhUK  (Fig.  93). 
Volumetric  expansion  coefficients  were  calculated  from  the  formula 

a  =  A  V/V^T, 

where  AV  -  rpa<T,«p3  —  VpacTBOp„lt.m;  V0  —  -  an  original  volume  of  polymer  in 
solvent;  AT  -  difference  in  temperatures  T-T0. 

Table  56.  Volumetric  expansion  coefficients  (a)  it  is  polyurethane. 
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Bohioji 

1600 

0.00065 

j  0*  M3  K 

4100 

0.0107 

4100 

0,00100 

M3K  ,-HXVK 

1600 

0.0077 

|y)EeH30Ji  -fHXVK 

1600 

0.00084 

4100 

0.0095 

4100 

0.0019.1 

I  ilXVK 

1600 

0.0026 

i»M3K 

1600 

0,00770 

| 

4100 

0.0047 

Key:  (1).  Solvent.  (2).  d  of  polyethe r/polyester  component.  (3). 
Solvent.  (4).  Benzene.  (5).  Benzene  *  DKhUK.  (6).  MEK. 

Page  170. 

For  the  same  specimen/saaples  are  taken  the  curves  of  the 
dif ferential-thermal  analysis  (Eiy.  93)  . 

As  can  be  seen  from  Fig.  92,  for  solutions  it  is  polyurethane  an 
increase  in  the  volume  of  tne  dissolved  polymer  it  occurs  linearly  in 
all  cases.  The  calculated  value  a  (see  Table  56)  increases  in  all 
solvents  with  an  increase  in  tne  length  of  polyether/polyester 
component.  Value  a  in  nth  two  times  more,  in  comparison  with  tenzene, 
which,  probably,  is  bonded  witfi  the  quality  of  solvent.  ME K  is  poor 
solvent  for  it  is  polyucetnaue  (.  90  ];  therefore  in  it  an  increase  of 
the  volume  of  polymer  witn  teapetutur e  must  be  more  than  in  benzene 
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(good  solvent) .  Addition  of  D  a  n  u  K  ,  with  capable  of  the  formation  of 
hydrogen  bonds,  does  not  lead  to  cnange  a  in  MEK.  This  it  is  possible 
to  explain  by  the  small  contcm ution  of  the  urethane  groups,  which 
condition  the  appearance  or  uydrogen  bonds.  Really/actually,  value  a 
in  benzene  is  close  to  tu«  same  tor  pure/clean  polyesters  of 
different  structure  (a=0.00074-o.uu084  with  mol.  weight  790-2200). 

The  addition  of  DKhUK  into  oenzene  makes  solvent  worse,  since  DKhUK 
itself  -  a  poor  solvent  tor  as  polyurethane. 

Thus,  for  it  is  pclyuretnane  with  a  small  concentration  of 
urethane  groups  (three  or  rour  to  one  molecule  of  polyurethane  with  a 
mol.  weight  of  13  500)  the  possioxe  destruction  of  hydrogen  bends 
does  not  virtually  affect  a  cnange  of  the  volume  of  polymer  in 
solution,  but  difference  in  a  for  different  solvents,  probably,  it 
depends  on  a  quantity  of  latte*.. 


For  polyurethane  2,4-PU,  tne  picture  of  di latometric 
measurements  in  different  solvents  is  dissimilar  (see  Fig.  93) 
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Fig.  92.  Dependence  A\'n  v0  on  teaperature  for  prepolyaers  on  basis  of 
polydiethyleneglycoladipate  iaol.  weight  1600)  and  of  TDI: 


1  -  in  benzene;  2  -  in  benzene  witn  addition  of  DKhUK;  3  -  in  NEK;  4 
-  in  MEK  with  addition  or  DKaUK. 

Fig.  93.  Dependence  svn  v,  on  teaperature  for  polyurethane  on  basis 
of  1, 4-butanediol  and  2,4-toluenediisocyanate: 

1  -  in  cyclohexanone;  2  -  in  JMF;  j  -  in  cyclohexanone  with  addition 
of  DKhUK;  4  -  DNF  with  addition  or  DKhUK. 


1 


DOC  =  79011110 


PAGb 


Page  171. 

From  curved  AV/AV0  from  T  in  cy clouex anone  and  DMF  is  visible 
explicit  conformational  transition  of  approximately  40°C.  In  this 
case  the  concentration  or  uretnane  groups  in  chain  is  considerably 
higher  than  in  preceding;  tueretcre  their  effect  on  the  properties  of 
polyurethane  must  be  significant.  Since  the  addition  into 
cyclohexanone  and  Dfl F  or  tne  dicnloracetic  acid,  capable  of  the 
formation  of  hydrogen  bond,  leans  to  the  disappearance  of  the 
conformational  transition,  whicn  exists  in  pure/clean  solvents  with 
40°C.  it  is  possible  tc  assume  that  it  is  caused  by  the  break  of 
hydrogen  bonds.  The  data  or  tue  uirferential-therma 1  analysis  (Fig. 

94)  indicate  also  the  ccnror national  transition  in  region  of  40°C  in 
all  cases  for  this  polymer,  wmle  ror  pure  polyether/polyesters  of 
the  same  it  is  not  observed,  it  is  characteristic  that  the  analogous 
transition  is  observed  also  in  mock  polymers  (Fig.  94,  curves  7,  8)  . 

The  thermomechanical  investigation  of  elastomers  on  the  basis  of 
polyethyleneglycoladipate  witn  chain  length  greater  than  their 
mechanical  segment,  and  toluyieneuiisocyanate,  also  shows  that  with 
T=~40°C  begins  the  irreversible  strain.  The  dependence  of  intrinsic 
viscosity  [tj]  of  2,4-PU  on  the  temperature  in  cyclohexanone  shows 
that  in  region  of  40-*SQ°c  ductility/toughness/viscosity  sharply  is 
lowered,  and  this,  probably,  it  is  bonded  with  the  break  of 
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intramolecular  hydrogen  conas.  Increase  i| yjc  daring  dilution, 
according  to  [ 327],  is  bonded  xitn  the  dissociation  of  hydrogen 
bonds . 

From  aforesaid  it  follows  tnat  the  conf oraational  transition  in 
region  of  40-50°C  is  caused  uy  tne  break  of  hydrogen  bonds,  which 
occurs  in  dilute  solutions  and  clock. 

Both  in  the  solution  ana  in  olock  besides  transition  in  region 
of  approximately  40°C  for  2,4-Pil  are  observed  additional  maximums  in 
region  of  10-12°  and  by  20°C.  however,  in  pure/clean  DMF  and  in 
cyclohexanone  with  the  addition  of  DKhOK  transition  with  20°C. 
disappears,  while  at  10-12°c  it  is  retained.  For  solutions  of  PfJ  in 
benzene  with  25°C,  also  occurs  tne  transition,  tut  in  pure/clean  PU 
it  is  absent.  The  presence  of  taese  transitions,  probably,  is  caused 
by  the  manifestation  of  the  mooirity  of  other  components  of  urethane 
chain  (besides  urethane  groups)  . 
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Fig.  94.  Thermograms  of  heating:  1  -  2,4-PU  in  cyclohexanone;  2  - 
2,4-PU  in  DBF;  3  -  2,4-PU  xn  cy clonexanone  with  addition  of  DKhUK;  4 
-  PU  in  benzene;  5  -  PDEUA;  b  -  PU;  7  -  2,4-PU;  and  thermogram  of 
cooling  2,4-PU  in  cyclohexanone  (numeral  in  curves  they  correspond  to 
transition  temperatures) . 

Page  172. 

Differential  cooling  curve  (see  Fig.  94,  curve  2)  for  2,4-PU  in 
cyclohexanone,  shows  that  ail  processes  -  both  break  of  hydrogen 
bonds  and  other  conformational  transitions  -  are  reversible. 


Thus,  the  analysis  ot  experimental  data  makes  it  possible  to 
make  the  conclusion  that  tue  anomaly  of  the  temperature  dependence  of 
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some  properties  of  polymers  iq  clock  state  is  closely  related  to  the 
conformational  transitions,  which  exist  in  dilute  solutions,  and  is 
caused  by  the  properties  or  individual  macromolecules. 

It  is  very  interesting  to  compare  results  presented  above  with 
the  data  of  the  direct  study  of  tne  temperature  dependence  of 
aechanical  properties. 

From  the  classical  theory  or  nigh  elasticity,  it  is  known  that 
for  the  flexible  chains,  between  which  are  absent  specific  reactions, 
the  equilibrium  modulus  ct  high  elasticity  is  bonded  with 
molecular  weight  of  the  cut  of  the  chain  between  network  points  Alc 
and  temperature  by  the  following  relationship/ratio: 

Eu.  =  3/?7p  Mc, 

where  R  -  gas  constant,  p  -  density.  Was  investigated  the 
applicability  of  this  equation  ror  describing  the  properties  of  some 
polyurethane  elastomers  j.7J.  in  the  sufficiently  wide  temperature 
range,  is  found  the  linear  dependence  of  module/modulus  on 
temperature;  however,  during  the  extrapolation  of  experimental 
direct/straight  before  intersection  with  axis  temperatures,  they  do 
not  pass  through  the  origin,  as  this  follows  from  the  equation  of 
kinetic  theory,  but  the  transverse  axis  of  abscissas  at  the 
temperatures,  distant  from  absolute  zero.  Consequently,  extrapolation 
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into  low- temperature  ones  region  it  proves  to  be  not  substantiated 
for  it  is  polyurethane.  In  general  form  this  can  be  explained  by  the 
fact  that  lower  than  v itriiication  temperature  the  character  of 
thermal  agitations  in  polymer  is  analogous  to  the  character  of 
thermal  agitations  in  common  soiias  and  it  is  not  bonded  with  the 
flexibility  of  chains.  In  tms  temperature  range,  the  strain  bears  no 
longer  highly  elastic,  nut  truly  elastic  character  and,  therefore,  it 
cannot  be  described  by  tfie  Kinetic  theory  of  elasticity.  It  is 
possible  that  the  determine!  according  to  intersection  with  the  axis 
of  abscissas  temperature  corresponds  to  the  brittle  point  of 
elastomer  and  can  serve  as  additional  characteristic.  On  the  basis  of 
this  into  equation,  it  is  possiole  to  introduce  the  correction,  which 
considers  the  results  of  tne  extrapolation  of  the  experimental 
straight  line 

r*  3RT  (n r*  rp  . 

Eoe  =  —-{T—T  p). 

The  obtained  equation  is  in  the  best  accord  with  experiment,  and 
parameter  T0  can  be  connected  with  brittle  point,  since  the  latter 
begins  when  completely  cease  aii  segmental  movements. 

Page  17ft. 

Are  establish/installed  some  temperature  anomalies  of  the 
mechanical  properties  ot  polyucetnane  rubbers,  in  which  distinctly  is 
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developed  the  specific  character  ot  their  behavior  [70],  Mas 
investigated  temperature  depenueuce  of  the  value  of  equilibrium 
highly  elastic  strain  and  aouule/mod ulus  of  high  elasticity,  and  also 
the  strength  of  polyurethane  tuubecs  on  the  basis  of 
diethyleneglycoladipate  of  liifiereut  molecular  weights  and  TDI, 
cross-linked  with  triethanolamine  and  which  are  characterized  by  the 
presence  or  the  absence  of  plasticizer  -  dihutylphthalate. 

Figure  95  gives  the  curves  ot  creep  of  the  nonplastic  and 
softened  rubbers  at  difrerent  temperatures.  The  temperature  course  of 
these  dependences  is  clearly  anomalous,  and  the  minimum  value  of 
highly  elastic  strain  is  onservea  at  temperature  of  35°C  for 
nonplastic  and  by  40-50°C  ror  tnat  plasticized  polymers. 
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Pig.  96.  Pig.  97. 

Fig.  96,  Dependence  of  aodulus  of  elasticity  on  teaperature:  1 
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H=2500,  with  plasticize*.;  2  -  M=1900,  without  plasticizer;  3  - 
B= 1 900,  with  plasticizer. 

Key;  (1).  G/cm2. 

Pig.  97.  Dependence  of  strengtu  (1)  and  of  elongation  at  rupture  (2) 
on  temperature. 

Key;  (1)  .  kg/cm2. 

Page  174. 

The  temperature  course  of  nouule/modulus  also  develops  anomaly 
and  is  characterized  by  tne  clearly  expressed  maximum  at  temperatures 
of  35-40°C  (Fig.  96).  Finally,  in  the  temperature  range  of  35-40°C 
are  observed  extreme  points  in  tne  curves  of  the  temperature 
dependence  of  strength  ana  elongation  at  rupture  (Fig.  97). 

According  to  the  classical  taeory  of  high  elasticity,  which  in 
the  majority  of  the  cases  correctly  describes  the  temperature 
dependence  of  the  properties  of  natural  and  synthetic  rubbers,  the 
equilibrium  modulus  of  higaly  elastic  strain  must  grow/increase  with 
temperature  as  a  result  of  an  increase  in  the  energy  of  the  thermal 
agitation  of  chains.  At  the  same  time,  the  amount  of  equilibrium 
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strain  little  depends  on  temperature. 

As  can  be  seen  from  given  data,  the  value  of  module/modulus 
passes  through  the  sharply  pronounced  maximum,  that  does  not  make  it 
possible  to  characterize  the  oehavior  of  polyurethane  rubbers  with 
the  aid  of  kinetic  theory.  A  caange  in  the  mechanical  properties 
(strength  and  elongation  at  rupture)  also  bears  nonmonotonic 
character.  The  investigation  of  tae  temperature  dependence  of 
aodule/modulus  for  it  is  poiy uretaane,  obtained  on  basis 
polyether/polyesters  of  different  molecular  weight,  it  showed,  that 
the  common/general/total  anomaly  of  temperature  dependence  is 
retained  independent  of  molecular  weight  and  presence  or  absence  of 
plasticizers.  In  this  case,  the  temperature  range  of  the 
manifestations  of  anomaly  is  not  changed. 

Analogous  results  are  obtained  during  the  study  of  the 
temperature  dependence  of  tne  value  of  the  equilibrium  module/modulus 
of  high  elasticity  fcr  pclyuretnane  elastomers  on  the  basis  of 
polydiethyleneg lycoladipate  of  different  molecular  weights  (Pig.  98). 
Pindings  give  to  us  the  tounuatiou  for  considering  that  the 
temperature  anomalies  of  mecnamcal  properties  it  is  polyurethane 
they  are  bonded  with  the  specific  molecular  processes,  which  take 
place  in  the  temperature  rauge  of  40-50°C. 
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Pig.  98.  The  dependence  ct  cue  equilibrium  modulus  of  high  elasticity 
of  polyurethane  elastomers  on  tne  temperature:  1  -  on  the  basis  of 
polydiethyleneglycoladi^ate  (mol.  weight  815)  and  of  TDI 
(crosslinking  agent  diethylene  glycol  ♦  glycerin  =  1:1):  2  -  on  the 
basis  of  polydiethylenegiycuiauipate  (raol.  weight  1750)  and  of  TDI 
(crossl in  king  agent  diethyiene  glycol  ♦  glycerin  =  1:3)  ;  3  -  on  the 
basis  of  polyethyleneglycciadipatt  (mol.  weight  1000)  and  of  TDI 
(crosslinking  agent  diethyiene  glycol  ♦  glycerin  =  1:1). 

Key:  (1)  .  G/maz  . 
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It  is  interesting  to  note  also  data  on  the  temperature 
dependence  of  module/mcauius  elasticity  of  the  rigid  polyurethane 
films,  which  are  used  as  protective  coatings  (Fig.  99).  In  contrast 
to  elastomers  in  the  initial  period  of  an  increase  in  the 
temperature,  is  observed  a  common  ror  the  glassy  polymers  reduction 
in  the  module/modulus  with  a  temperature  rise.  Further  shape  of  the 
curve  is  analogous  to  shape  or  tue  curve,  given  in  Fig.  96. 

Thus,  in  temperature  range  near  40°C  occur  changes  in  the 
properties,  bonded  with  tae  conrormat ion al  transitions,  caused  by  the 
decomposition  of  the  part  or  the  molecular  bonds,  first  of  all 
hydrogen.  The  significant  contrioution  to  properties  is  polyurethane 
it  introduces  also  the  reaction  oetween  polyether/polyester  blocks. 
Weakening  molecular  bonds  witn  an  increase  in  the  temperature  leads 
to  an  increase  in  the  moctiity  or  olocks  and  a  manifestation  with 
them  their  own  flexibility. 

Thus,  the  effect  cr  temperatuie  produces  change  in  the  total 
number  of  intermolecular  nydrogeu  and  van  der  Waals  bonds.  The 
decomposition  of  the  gnu  ot  tnese  bonds  is  equivalent  to  an  increase 
in  the  distance  between  the  uodes  of  the  three-dimensional/space 
grid,  formed  as  a  result  or  puysical  reactions  and  which  plays  the 
dominant  role  in  the  properties  of  polyurethane  elastomers  [115]. 
Because  of  this,  and  also  aue  to  an  increase  in  the  mobility  of  the 


4 


cuts  of  chains  occurs  tae  common/ general/total  increase  of  the  strain 
in  temperature  range  of  higner  man  40°C  and  the  bonded  with  it 
reduction  in  the  module/moduius. 


For  the  plasticized  polymer  the  region  of  anomaly  is 
shift/sheared  to  the  side  or  ax guer,  but  lower  temperatures,  as  it 
could  seem  at  first  glance.  inis  is  caused  by 

preservation/retention/maintaining  in  the  plasticized  polymer  of  the 
durable  bonds,  which  are  decomposed  at  higher  temperature. 


DOC  =  79011110 


fP 


('> 

«4  i 


Fig.  99.  Dependence  of  souuiud  of  elasticity  cf  polyurethane  filas  on 
tenperature  ( NCO/OH=2: 1) : 
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1  -  on  basis  of  tetrah ydrof urea  with  oxide  cf  propylene  and  adduct  of 
trimethylol  propane  witn  Ti>l;  2.  -  on  basis  of 

oligodiethylenesuccinate  (mor.  weight  800)  ,  trimethylol  propane  and 
TDI;  3  -  on  basis  of  oligoaietny leneglyccladipate  (aol.  weight  800) . 

Key:  (1) .  kgf/cm2. 

Page  176. 

Thus,  decomposing  the  ynu  or  physical  bonds  and  caused  by  this 
change  in  the  flexibility  or  tne  cuts  of  polymer  chains,  i.e.,  the 
factual  rearrangement  or  tne  structure  of  grid  with  temperature, 
determine  the  anomalies  of  tne  physicomechanical  properties, 
components  the  essential  feature  or  polyurethane  elastomers.  It  is 
completely  possible  that  this  mcoiiity  of  structural  grid  and 
lightness/ease  of  its  rearrange meut  under  the  effect  of  external 
agencies  determine  many  speciij.c  properties  it  is  polyurethane. 

THERMODYNAMICS  OF  THE  HiGrisY  ELASTIC  STRAIN  OF  POLYURETHANE 
ELASTOMERS. 

During  the  explanation  of  the  bond  of  the  mechanism  of  strain 


with  the  structure  of  polymer  special  importance  have  the  cases  when 
very  structure  of  body  undergoes  change  during  strain. 
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The  characteristic  features  ot  elastic  properties  and  behavior 
it  is  polyurethane  during  strain,  the  expressed  in  capability  for 
auto/self-curing  defects  during  tne  development  of  cracks  and  high 
resistivity  to  voltage/stresses,  in  many  respects  they  are  determined 
by  the  type  of  t  hree-d  imeiisional/space  grid.  It  differs  from  the 
common  vulcanization  the  fact  mat  the  contribution  of  physical 
reactions  to  effective  networx  density  is  extremely  great. 

Possibility  of  redistributing  tne  molecular  bonds  in  polyurethane 
rubbers  during  strain  -  one  of  tne  reasons  for  manifestation  by  these 
polymers  of  special  properties. 

Therefore  it  is  interesting  to  investigate  the  thermodynamics  cf 
the  highly  elastic  strain  ot  polyurethane  elastomers  and  to 
establish/install  the  contnoution  of  inner  energy  and  entropy  to  the 
elastic  force,  which  appears  during  the  strain  of  elastomer.  In  this 
direction  are  known  only  several  works  [  69,  72,  75,  1  17,  192,  325, 
326,  328],  carried  out,  in  essence,  in  recent  years. 

Ks  is  known,  the  calculations  of  entropy  and  energy  components 
of  the  equilibrium  voltage/stress,  applied  to  the  specimen/sample  of 
rubber  with  its  stretching,  are  conducted  through  the  straight  lines 
of  the  dependence  of  equiliorium  voltage/stress  from  the  temperature 
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during  different  elongation,  called  ther no-elastic.  In  this  case,  is 
used  the  common/general/total  equation  of  kinetic  theory  of  rubber 
elasticity  [137,  211] 


where  U  -  inner  energy:  S  -  entropy;  -  length  of  specinen/sanple;  f 
-  tensile  force;  fu -  elastic  component  of  equilibriun  force;  f>,~ 
entropy  component  of  equilibrium  torce. 

Changes  in  the  inner  energy  oi  rubbers  usually  are  very 
insignificant  and  if  they  are  developed,  then  with  the  high  amounts 
of  strain. 

Page  177. 

Conway  [192],  investigating  tne  contribution  of  energy  and  entropy 
components  of  polyurethane  ruuoei  on  the  basis  cf 
polyoxypropy leneglycol ,  also  noted  an  insignificant  change  in  the 
inner  energy  during  slight  deformations.  However,  in  all  further 
works  [69,  72,  75,  117,  32o,  32b,  328],  which  concern  thermodynamics 
it  is  polyurethane,  it  is  indicated  significant  changes  in  the  inner 
energy  even  during  slight  deformations.  So,  Tanaka  and  coworkers 
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[326],  studying  the  dependence  or  voltage/stress  from  the  temperature 
it  is  polyurethane  on  the  oasis  or  complex  and  simple 
polyether/polyesters  in  tne  range  of  temperatures  of  40-70°C,  they 
showed  that  during  strain  it  occurs  both  the  decrease  and  an  increase 
in  the  inner  energy  it  is  poiyuretnane  depending  on  the  nature  of  the 
latter.  The  dependence  or  tne  contribution  of  energy  component  into 
common/general/total  equilibrium  voltaga/stress  fr  f  <  from  the  degree 
of  stretch  of  elastomers  is  changed  in  absolute  value  and  on  sign 
with  an  increase  in  the  degree  or  stretch  and  a  change  in  the  nature 
of  components  is  poiyuretnane  (Fig.  100) .  In  essence  is  observed  the 
decrease  of  energy  component  of  equilibrium  voltage/stress.  The 
obtained  results  are  explained  oy  a  change  in  the  chain  conformations 
during  the  strain  of  elastomers,  for  polyurethane  on  the  basis  of 
naphthylenediisocyanate  (curve  2)  abrupt  change  fuf  with  the  degree 
of  stretch  is  explained  by  crystallization;  however,  there  are  no 
experimental  proofs. 

Is  investigated  the  tuermody namics  of  the  highly  elastic 
deformation  of  linear  cnes  it  is  polyurethane,  developing  highly 
elastic  properties  in  an  interval  temperatures  of  20-70°C  at  large 
stretchings  [289],  and  obtained  the  dependence  of  equilibrium 
voltage/ stress  and  its  components  with  the  degree  of  stretching  for 
some  it  is  polyurethane  [32b]  (Fig.  101). 


i 
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Fig.  100.  Dependence  of  fy/f  on  the  quantity 
deformation  of  polyurethane  elastomers  (JT) : 

1  -  based  on  TDI  and  TMP  polyethylene  glycol 
adipinate;  2  -  based  on  polyethyene  glycol 
adipinate,  naphthylene  diisocyanate,  and 
butane-diol;  3  -  based  on  TDI  and  TMP 
polypropylene  glycol  adipinate;  H  -  bas°d 
on  TDI  polyethylene  glycol  adipinate  and 

ethanol  amine;  5  -  based  on  TDI  polypropylene 
glycol  and  ethanol  amine. 
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Key:  (1).  Specimen/sam pie.  12)  .  Polyether/polyester.  (3).  Isocyanate. 
(4) .  Crosslinking  agent,  (b) .  Holer  ratio.  (6) .  PDEGA  (nol.  weight 
1600)  .  (7)  .  Polyol  * . 

POOTNOTE  l.  Polyol  on  the  oasis  ox  adipic  acid,  glycerin  and 
diethylene  glycol.  ENDFCOTNUft,. 

(8).  The  sane.  (9).  Glycerin.  (Id).  1 , 4- Butanediol. 

FOOTNOTE  2.Alt  they  did  net  deternxne  due  to  the  crystallization  of 
specinen/samples. 

Page  180.  In  this  case  xt  is  ooserved  both  increase  in  the  inner 
energy  with  the  stretching  of  the  investigated  specinen/samples  (Fig. 
101b)  and  decrease  (Fig.  101a).  Last/latter  fact  is  bonded  with 
crystallization  during  the  deformation,  confirmed  by  X-ray  method. 
With  the  stretching  of  polyurethane  on  the  basis  of  polycarbonatediol 
when  occurs  increase  of  inner  energy  during  deformation, 
crystallization  was  not  noticed  even  with  stretching  to  500o/o. 

He  studied  the  ther  mody  names  of  the  highly  elastic  deformation 
of  polyurethane  elastomers  on  the  oasis  of  simple  and  polyesters  [69, 
72,  75,  117].  As  polyesters  are  undertaken  linear  and  branched 
polydiethyleneglycoladipate  (PDhGA)  and  polyethy lenegly coladipate 
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(PEGA)  ,  as  simple  ones  -  pul yoxitetramet hylenediol  (PTMD)  and 
polyoxy propylenediol  (PCPDJ  ;  are  used  such  diisocyanates,  as  mixture 
2,4-  and  2, 6-TDTs (T- 10 2) ,  nexametnylene  diisocyanate  (G-102) , 
diphe nylmethane  diisocyanate  (DM).  The  crosslinking  agents  were 
trimethylol  propane  (TMP),  mixture  of  1 , 4-butanediol  with  TAP,  polyol 
on  the  basis  of  adipic  acid,  diethylene  glycol  and  glycerin,  mixture 
of  triethanolamine  and  dietuanoiainine  (TEA  +  DEA)  .  The  characteristics 
of  the  investigated  specimen/samples,  and  alsc  the  value  of  average 
molecular  weights  between  networx  points  (Mr),  calculated  by  the  value 
of  the  equilibrium  modulus  or  niyu  elasticity,  are  given  in  Table  57. 


6*r/cM2  {')  d,nr/cn *  (?) 


Pig.  101.  Change  in  equilibrium  voltage/stress  and  its  components 
from  degree  of  stretching  tor  is  polyurethane  on  of  polycaprolactone 
diol  and  a-xylylenedia mine  (a) ;  polycarbonate  diol  and 
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ethylenediamine  (b)  . 

Key:  (1)  .  kg/cm2 . 

Page  181. 


The  dependence  of  stress  level  froi  temperature  was  measured  on 
a  relaxometer  designed  according  to  type  [27],  For  maintaining  the 
constancy  of  relative  elongation  in  the  course  of  measurements,  it 
was  necessary  to  know  a  change  in  the  lengths  of  the  unstressed 
specimen/sample  with  temperature  wnich  render/showed  insignificant. 
Therefore  subseguently  uuring  great  lengthenings  these  changes  they 
disregarded,  but  during  small  extracts  (to  lOo/o)  in  the  calculations 
of  the  values  of  the  equilibrium  voltage/stress  were  considered 
changes  in  the  length  oi  the  unstressed  specimen/sanple  with 
temperature.  Energy  and  entropy  components  calculated  from 
thermo-elastic  straight  lines  (dependence  of  equilibrium 
voltage/stress  from  temperature),  using  equation  (VII,  1).  From  the 
dependence  of  equilibrium  voltage/stress  and  its  components  from 
temperature  (Fig.  102)  and  degree  of  elongation  (Fig.  103)  it  is 
evident  that  with  stretcmng  it  is  polyurethane,  as  for  common 
rubbers,  is  observed  the  decrease  of  entropy,  bonded  with  the 
decrease  of  a  number  of  cnain  c cnrormations  during  extract.  But  in 
contrast  to  the  majority  of  runners  where  a  change  in  the  inner 
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energy  during  extract  is  close  to  ze ro  (with  stretching  to  lOOo/o) 
[137],  for  is  polyurethane  Uiirerent  nature  relative  elongation 
S-IOo/o  already  it  causes  tae  snarv  decrease  of  inner  energy  in  all 
cases.  The  decrease  of  tne  inner  energy  of  the  natural  rubber  occurs 
during  the  extract  of  higaer  tnan  300o/o,  which  is  explained  by 
crystallization  [137]. 

The  roentgenogr aphic  measurements  of  the  deformed  polyurethane 
specimen/samples  did  net  re veai/uetect  crystallization  in  the  range 
of  deformations  from  0  the  loOo/o  (Fig.  104,  see  insert) .  Therefore, 
the  observed  decrease  ci  inner  energy  during  deformation  to  lOOo/o  it 
is  not  bonded  with  cr ystaiiizatiou,  as  is  assumed  [325,  328], 


1 


L 
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Pig.  102.  Dependence  of  eguiliDcniia  voltage/stress  (»)  from 
temperature  for  specimen/sampi-es  d  and  13.  (designations  see  in  Table 
57)  . 


Key:  (1)  .  G/mm*. 


Page  182 
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Key :  ( 1)  .  G/mm2. 

Page  18  3. 

Fo::  the  explanation  of  tne  observed  decrease  of  inner  energy 
with  stretching,  it  is  poly uretnane  one  should  consider  that  the  fact 
that  in  the  latter  together  witn  chemical  ones  is  a  large  number  of 
physical  bonds,  which  contribute  tae  significant  contribution  to 
common/general/total  density  or  tne  three-dimensional  grid. 
Really/actually,  earlier  we  examined  a  question  concerning  the  nature 
of  molecular  bonds  and  established  that  the  diversity  of  functional 
groups  in  chains  determines  the  existence  of  the  •'  ollection  of  the 
bonds,  which  differ  in  strength  from  common  van  der  Waals  ones  to 
hydrogen  ones.  At  different  temperatures  and  with  voltage/stresses, 
occurs  the  decomposition  of  these  uonds,  which  as  a  result  of  their 
diversity  can  cccur/f lew/iast  in  tae  wide  temperature  range  and  be 
gradual.  This  lability  cf  these  bonds,  and  also  different  effect  of 
external  voltage  at  this  temperature  on  the  change  of  the  strength  of 
bond  play  the  significant  role  in  the  thermodynamic  properties  of 
elastomers.  The  special  feature/peculiarities  indicated 
'•••run*1  the  1 i ghtness/ease  of  tne  rearrangement  of 

iHMsionil  jrid  it  is  polyurethane  during  the  deformation  of 
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the  latter.  Tensile  strain  contrioutes  to  the  approach  of  the  cuts  of 
the  chains  between  nodes,  which  causes  the  formation  of  the 
additional  physical  bonus  between  them  and  thereby  the  decrease  of 
inner  energy  which  is  cbsecveu  in  the  case  amorphous  polyurethane 
elastomers  even  with  the  small  degrees  of  stretching. 

It  is  obvious,  an  increase  in  the  flexibility  of  the  cuts  of  the 
chains  between  nodes  as  a  result  or  an  increase  in  molecular  weight 
of  oligoester  block  or  Mc  because  of  a  smaller  guantity  of  the 
crosslinking  agent  will  increase  tne  possibility  of  the  formation  of 
physical  bonds  during  deioruaticn  as  a  result  of  the  approach  of  the 
cuts  of  chains  with  each  other,  i’ue  dependence  of  the  contribution  of 
energy  component  into  tne  comaoa/general/total  voltage/stress  from 
the  degree  of  the  stretching  or  polyurethane  cn  the  basis  of 
po lyethy leneglycolad ipate  or  uirrerent  molecular  weights  confirms 
this  assumption  (Fig.  10b). 

From  dependence  fu'f  on  value  ^  for  it  is  polyurethane  on  the 
basis  of  complex  and  polyethers  (Fig.  106)  it  is  evident  that  hW 
correlates  with  Mr  During  decrease  Mc,  i.e.  during  an  increase  in  the 
network  density,  the  degree  of  a  cnange  in  the  inner  energy  becomes 


less 


L 

1 1 
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Fig.  105.  Dependence  of  me  contribution  of  energy  component 
into  equilibrium  voltage/stress  from  value  deformation. 

Page  184. 

Probably,  during  the  deformation  or  the  strongly  cross-linked 
elastomers  as  a  result  cr  tue  greater  hardness  of  the  cuts  of  the 
chains  between  nodes,  decreases  the  possibility  of  shaping  of 
additional  physical  bonds. 

For  it  is  polyuretnane  on  me  basis  of  polyesters  change  fv‘f  it 
is  more  noticeably  than  in  pory urethane  on  the  basis  polyethers.  The 
reason  for  the  observed  pnencmenon  consists  in  a  difference  in  the 
portion/fraction  of  chemical  and  physical  cross-linkings  in  the 
common/general/total  networ*  density  of  these  elastomers.  If  in 
polyurethane  on  the  basis  or  polyesters  the  dominant  role  in  grid 
belongs  to  physical  bonds,  men  in  elastomers  on  the  basis  polyethers 
the  contribution  of  physical  bonus  will  be  less. 

The  analysis  of  Fig.  1Uoo  snows  that  a  change  of  the  inner 
energy  in  polyurethane  on  the  basis  of  oligoethylene-  and 
oligodiethyleneglycoladipate  is  approximately  egual,  in  spite  of 
different  values  Mr.  Probaoiy,  the  great  flexibility  of  the  cuts  of 
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chains  in  polyurethane  on  cue  oasis  of  oligodiethyleneglycoladipate 
contributes  to  the  formation  or  a  large  number  of  molecular  bonds  in 
the  course  of  tensile  strain  even  when  smaller  Mc,  than  in  it  is 
polyurethane  on  the  basis  or  oligoethyleneglycoladipate.  This  causes 
a  greater  change  of  the  inner  energy  in  the  first  case,  than  the 
secondly  despite  the  fact  that  M(  polyurethane  on  the  basis  of 
oligodiethyleneglycoladipate  is  less. 


k 


Pig.  106.  Dependence  on  Mc  to r  amorphouss  it  is  polyurethane  on 

basis  of  complex  (a)  and  simple  (b)  polyether/polyesters  with 
stretching  from  10  to  60o/o. 


Page  185. 
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Soiie  of  those  investigated  Dy  us  it  is  polyurethane  they  were 
spontaneously  crystallized  in  tne  course  of  time  [75].  Was  studied 
the  thermodynamics  of  the  deiormation  of  these  specinen/samples  (Fig. 
107),  which  is  accompanied  hy  an  increase  in  both  entropy  and  inner 
energy.  It  is  possible  tc  count  mat  in  this  case  occurs  the 
destruction  of  crystalline  formations,  i.e.,  the  decrease  of  degree 
of  order,  which  leads  to  au  increase  in  the  entropy.  In  this  case, 
logical  to  expect  the  increase  in  the  inner  energy  that  usually 
occurs  during  the  deformation  of  crystalline  todies. 

Thus,  findings  tell  about  tne  fact  that  a  change  in  the  inner 
energy  during  the  deformation  or  polyurethane  elastomers  depends  both 
on  nature  and  network  deusity  or  polyurethane  and  on  the  phase  state 
of  the  latter. 

It  is  obvious,  the  aerormation  of  the  elastomers  indicated  in 
the  range  of  higher  temperatures  will  lead  to  a  change  in  the 
thermodynamic  functions,  since  it  is  known  that  the  physical  bonds 
whose  concentration  is  great  in  polyurethane,  it  is  very  sensitive  to 
temperature  effects.  Therefore  we  investigate  the  thermodynamics  of 
the  deformation  of  polyuretnane  amorphous  elastomers  in  the  range  of 
temperatures  of  100-60°C  £117]  ana  will  compare  the  character  of  a 
change  of  the  thermodynamic  functions  in  this  case  with  the  same  in 
the  range  of  lower  temperatures  <^u-60°C) . 
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Preliminarily  was  conducted  the  isometric  heating  of  the 
specimen/saaples  being  mvestigateu  with  different  loads  for  the 
establishment  of  the  temperature  range,  in  which  does  not  occur  the 
decomposition  of  the  grid  of  chemical  bonds,  as  a  result  of  which 
were  obtained  the  curves  or  tne  isometric  heating  of  polyurethane 
elastomers  (Pig.  108) .  initially  occurs  the  increase  in  the 
voltage/stresses  in  speciaen/saapies,  caused  by  the  effort/force  of 
the  thermal  agitation  or  cnains  with  an  increase  in  the  temperature. 
With  an  increase  in  the  original  load  on  specimen/sample,  a  change  in 
the  voltage/stress  in  polyurethane  with  a  temperature  rise  becomes 
more  noticeable.  Then  in  tne  range  of  temperatures  of  100-120°C 
(depending  on  load  on  specimen/ sample)  begins  a  sharp  voltage  drop. 


It  is  known  that 
of  the  chemical  bonds 
and  allophanate  bonds 


polyurethane  are  characterized  by 
ct  dirterent  types.  It  is  assumed 
least  strong/durable  [  302  ]. 


the  presence 
that  biuret 


t 


I 
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Pig.  107.  The  dependence  ox  the  equilibrium  voltage/stress  f  and  of 
its  components  h  and  js  from  the  degree  of  elongation  for 
specimen/sasple  18  (designation  see  in  Table  57) . 

Page  186. 

There  are  data  about  the  fact  that  at  temperatures  of  106°C  or  above 
begins  the  dissociation  of  the  aliophanate  bonds  [249].  It  is 
possible,  this  causes  a  sharp  voltage  drop  at  temperatures  in  higher 
than  100°C.  For  the  confirmation  of  the  fact  that  in  this  case  occurs 
the  decomposition  of  chemical  oonds,  is  investigated  the 
reversibility  isometric  heating  (Pig.  109) .  On  the  isometric  curves 
is  observed  hysteresis.  In  the  temperature  range  of  20-100°C,  value 
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of  hysteresis  is  insignificant .  uc ge  hysteresis  in  interval  of 
20-130°C  testifies  to  tne  irreversibility  of  deformation,  bonded  with 
the  irreversible  decoa position  or  the  grid  of  cheaical  bonds. 
Consequently,  the  thermodynamics  or  def ormaticn  can  be  traced  only  to 
100°C,  i.e.,  to  the  temperature,  which  yet  does  not  disintegrate 
the  cheaical  grid  of  bouds. 

The  analysis  of  thermo-elastic  straight  lines  for  polyurethane 
on  the  basis  of  polyester  (tig.  110)  and  of  dependence  of  the 
equilibrium  voltage/stress  r  ana  of  its  components  from  the  degree  of 
elongation  (Fig.  Ill)  shows  tnat  during  the  deformation  of 
polyurethane  elastomers  occurs  tae  decrease  of  both  entropy  and  inner 
energy. 
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Fig.  108.  The  carves  of  isosetric  seating  for  it  is  polyurethane:  a  - 
on  the  basis  of  PEGA  (specimen/sample  13,  table  57)  ;  b  -  on  the  basis 
of  PDEGA  (specimen /saa Fie  10)  . 

Key:  (1) .  kgf/cm*. 


a.r/MH*  1 


Fig.  109.  Carves  of  isosetric  heating  for  specisen/saaple  1  (table 
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57)  in  different  temperature  ranges:  1,  2  -  lift  and  decrease  in 
temperature  in  interval  or  20-100°c;  3,  4  -  lift  and  decrease  in 
temperature  in  interval  ct  20-U0°c. 

Key:  (1)  .  G/mm2. 

Page  187. 

On  the  other  hand,  tner mo-elastic  straight  lines  in  the  range  of 
temperatures  of  100-60°C  lie/rest  nelow  than  at  60-20°C.  It  is 
obvious,  heating  speciraen/saaple  to  100°C  leads  to  the  dissociation 
of  the  greater  part  of  the  pnysical  bonds.  Otherwise,  we  deal  with 
the  three-dimensional/sp ace  grid,  which  possesses  the  smaller 
concentration  of  physical  uonds,  which  leads  to  the  decrease  of  the 
effective  density  of  cross-ij.uK mg  and,  therefore,  to  an  increase  in 
the  effective  flexibility  or  the  cnains  between  chemical  network 
points . 

He  note  that  during  tne  deformation  of  polyurethane  elastomers 
with  the  less  density  ct  cross-liuxing  a  change  in  the  inner  energy 
during  deformation  is  considerably  more  than  in  the  case  of 
elastomers  with  the  high  density  or  cross-linking.  It  is  analogous, 
the  deformation  of  elastomers  at  high  temperatures  is  accompanied  by 

a  largm  change  in  the  inner  energy,  than  at  lew  temperatures  (Fig. 

Ill,  112a). 

i 
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Fig.  110.  Thermo-elastic  straiynt  lines  for  specimen/ sample  14  (table 
57)  in  different  temperature  intervals. 

Key:  (1) .  kgf/cm*. 
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Pig.  111.  Dependence  of  equilibrium  voltage/stress  and  its  components 
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from  amount  of  deformation  (specimen/sample  “I1*,  table  57): 


L 

t.2-3  i  t,  and^in  region  bo-iooc; 
and  iu  in  region  of  2Q-60°C. 

Key:  (1)  .  kgf/cm2. 

Page  188. 

This  is  explained  by  the  fact  tnat  with  the  drawing  of 
specimen/sample  in  the  bign-tem perature  range  when  the  part  cf 
physical  bonds  is  destroyed  ana  tne  cuts  between  nodes  possess 
greater  flexibility,  is  created  tne  great  possibility  of  reducing  the 
old  ones  and  the  formations  oi  new  physical  bends  during  the  approach 
of  the  cuts  of  chains,  wuiie  energy  component  of  eguilibriun 
voltage/stress  grow/increases. 

During  the  deformation  oi  polyurethane  elastomers  on  the  basis 
polyethers  at  elevated  temperatui.es,  a  change  in  the  inner  energy  is 
also  more  than  in  the  range  of  low  temperatures  (Fig.  112a,  b).  The 
sharper  difference  between  values  fv/f  in  different  temperature 
intervals  during  the  deformation  or  polyurethane  with  the  less 
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effective  density  of  cross-xiaKing  (Fig.  112b,  c)  is  logical  in  light 
of  consideration  about  a  cuauge  in  the  flexibility  of  the  cuts  of 
chains  at  the  different  densities  cf  the  cross-linking  of 
three-dimensional  grid. 

It  is  known  that  the  Measurement  of  the  dependence  of  the 
equilibrium  voltage/ stress  or  tne  elongated  polymeric  specimen/sample 
from  temperature  is  the  basis  or  the  method  of  calculation  of  the 
temperature  coefficient  of  the  size/dimensicns  cf  free  polymer  chain 
in  undisturbed  state  [21x-zl4J.  Method  is  based  on  the  theory  of  the 
elasticity  of  rubbers,  union  assumes  the  independence  of 
inter  molecular  interaction  rrom  uetor mation,  and  on  the  principle  of 
additivity  [215]  of  the  contr 10 utions  of  free  energy  of  separate 
chains  to  common/general/totai  tree  energy  of  system.  Calculations 
are  based  on  the  equation 

fu'fT  =  -  |d  In  (f/T)idT]v  j  =  d  In  f?/dT. 

If  measurements  voitage/sttess  -  temperature  are  conducted  at  a 
constant  pressure,  this  equation  is  record/written  in  the  fora 

I-  din  (f,T)  dT)Pl  =  d  1  nf?/dT  +  ,  (VII, 2, 

where  dlnr0*/dT  -  temperature  ooefiicient  of  the  root-raean-sguare 
distance  between  the  ends  of  cnain;  (3  -  cubic  coefficient  of  the 
expansion  of  elastomer;  A  -  degree  of  stretch  of  elastomer. 
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Pig.  112.  Dependence  /„//  on  the  degree  of  stretch  X  for  it  is 
polyurethane  on  the  basis  of  complex  (a)  and  sinple 
polyether/polyesters  (b,  c)  :  a  -  specimen/sample  14;  b  - 
specimen/sample  23;  c  -  specimen/ sample  22  (designations  see  in  Table 
57)  . 

Page  189. 


Processing/treatment  [t>9]  of  the  obtained  by  eguation  (VII. 2) 
data  will  show  (table  5b)  tnat  the  values  of  value  fL  fT  were  negative 
in  all  cases,  which  indicates  the  decrease  cf  sizes  of  the 
undisturbed  polymer  chain  to  temperature.  Together  with  value  fu/fT 
strongly  they  are  dist inyuisned  ny  absolute  value,  which  would  seem 
completely  natural,  if  we  consider  different  composition  of  those 
investigated  was  polyurethane,  but  these  differences  are  retained 
also  in  the  case  of  one  and  tne  same  by  the  qualitative  composition 
cf  polyurethane  (speci men/s a spies  14,  15)  with  the  different  degree 
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of  cross-linking.  Dependence  fu  IT  on  the  degree  of  cross- linking  is 
observed  even  when  the  objects  or  study  will  be  polyethylene, 
polypropylene  and  their  copolymers  [284]. 

The  method  of  calculation  or  the  temperature  coefficient  of  the 
size/ dimensions  of  free  polymer  chain  is  based  on  the  assumption  that 
a  change  in  the  inner  energy  duriny  the  deformation  of  elastomer  is 
caused  by  a  change  only  in  intramolecular  reaction;  a  change  in 
inter  molecular  interaction  is  net  considered.  Heanwhile  it  cannot  be 
assumed  that  the  significant  cnange  in  the  inner  energy,  observed 
with  stretching  it  is  pclyuretnane,  it  is  caused  by  an  increase  in 
the  intramolecular  reaction,  since  the  drawing  cf  the  cuts  of  polymer 
chains  contributes  to  the  removal  of  polar  groups  in  chain  from  each 
other  and  is  decreased  the  prooaoility  of  their  intramolecular 
reaction.  Probably,  in  the  process  of  extract,  it  is  polyurethane  it 
occurs  the  approach  of  the  cuts  of  the  chains  between  nodes,  which 
leads  to  the  formation  of  additional  physical  nodes  in  grid  due  to 
the  reaction  of  the  polar  yroups  of  adjacent  chains.  Thus,  the 
decrease  of  inner  energy  during  the  extract  cf  polyurethane 
elastomers  is  caused,  in  the  first  place,  by  a  change  in 
inter molecular  interaction  or  the  cuts  of  polymer  chains.  The  change 
in  the  inner  energy  the  greater,  tne  greater  the  distance  between 
nodes  in  grid. 
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In  connection  with  that  presented  for  it  is  polyurethane  it  is 
not  possible  to  obtain  the  plausiele  values  of  changes  in  the 
root-mean-sguare  distance  Between  the  ends  of  free  chain  fro*  given 
voltage/stress  -  temperature. 

The  conducted  investigations  show  that  the  presence  in 
polyurethane  of  the  physical  conus  of  different  types  leads  tc 
another  behavior  under  tne  deroraations  and  the  temperature 
influences  of  this  class  of  ruoners  in  comparison  with  natural  and 
other  rubbers  [72,  325,  32b.  32b J.  The  given  special 

feature/peculiarities  are  bonded  with  the  presence  of  movable  grid  of 
physical  bonds  and  with  its  rearrangement  in  the  coarse  of  the 
deformation  and  temperature  effects,  by  which  appears  the  new 
structure,  which  corresponds  to  state  of  strain.  When  the  rates  of 
deformation  and  rearrangement  of  grid  will  be  compared,  is 
establish/installed  new  eguilibnua  in  system,  which  is  very 
important  in  the  examination  of  tne  mechanism  of  the  deformation  of 
polyurethane  elastomers. 
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Continuation  Table  58. 
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Continuation ^able  58. 


06pa»*u 

X 

0' 

l.  *r/cji* 

1 

K 

_ . 

~i~r 

\ 

K 

1 

-  |]5 
ii 

full7 

Me 

22 

1.07 

1,23 

—3,2 

—  1.98 

—1,60 

10060 

1,22 

3.85 

BM1 

—3,39 

—0,88 

1.30 

5.30 

bus 

—5.85 

-1,10 

1.47 

6.00 

—6,33 

— 0,96 

1,71 

8,20 

—  15.82 

—7.62 

—0.93 

23 

1.04 

1.85 

—  1.36 

0,49 

0,26 

1.09 

3,55 

—4  56 

-1.01 

—0.28 

.  1.16 

6,50 

-9.56 

—3.06 

-0.47 

1.21 

9,80 

-14,70 

—4.80 

—0,49 

24 

1.20 

1,35 

-2,90 

-1,55 

-1.15 

13000 

1.22 

1.82 

—3.67 

-1,86 

—1.02 

1.30 

-  2.55 

—5  64 

—3,09 

-1,21 

1,38 

3.60 

-8.08 

—4.48 

-1.24 

25 

1.14 

0.65 

—  1,29 

-0.64 

-0,92 

18300 

1.33 

1.30 

-2.96 

-1.66 

-1.30 

1.39 

1.65 

—3,90 

-2,25 

— 1,40 

i 

Key:  (1).  Specimen/sampie.  (2).  Kgr/cmz. 

Pa  ge  192. 

Really/actually,  in  the  presence  of  movable  grid  at  each  stage  of 
deformation,  is  necessary  further  uecoapositicn  of  grid  in  contrast 
to  other  elastoaers  where  the  deformation  is  not  accoapanied  by  the 
reduction  of  the  initially  destroyed  bonds.  We  assume  that  the 
comparative  lightness/ease  or  deconposit ion  and  reduction  of  grid 
explains  the  capability  it  rs  polyurethane  for  the  curing  of  defects 
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during  deformation,  which  can  be  considered  as  a  thixotropic  change 
in  the  three-dimensional/space  grid. 

THERMAL  EFFECTS  DURING  DEFORMATION  OF  POLYURETHANES. 

It  is  known  that  the  mecnamcal  deformation  of  polymers  is 
invariably  accompanied  by  tne  thermal  effects  whose  sign  depends  on 
the  form  of  deformation,  phase  and  physical  states  of  the  polymer 
being  deformed. 

Studies  of  the  thermal  enacts  of  deformation  is  of  essential 
interest,  since  it  gives  important  information  about  thermodynamics 
and  to  the  molecular  nature  of  this  process.  However,  works  in  this 
direction  it  is  small,  which  is  caused  by  the  difficulties  of  the 
quantitative  determination  of  toe  thermal  effects,  which  accompany 
deformation,  because  their  values  are  very  insignific  .nt.  the  first 
essential  works  in  this  direction  they  are  made  by  Nueller/Huller  and 
coworkers  [99,  275],  who  developed  the  gas-filled  differential 
microca lorime  ter . 

Page  193. 


He  carried  out  the  determination  of  the  thermal  effects,  which 
accompany  the  deformation  of  polyurethane  elastomers  [47,  75],  on  the 
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special  block,  which  aakes  it  possible  to  sinultaneously  record/write 
differential  temperature  slops  and  change  in  the  voltage/stress  with 
deforaation  and  relaxation  or  specimen/sanple .  As  the  subjects  of 
investigation  serve  polyurethane  on  the  basis  of  2,4-DTI  and 
po lyethy leneglycolad ipate  (PEGA)  or  different  molecular  weight  f£able 
59)  . 


PEG A  easily  is  crystallized,  which  can  lead  to  crystallization 
and  is  polyurethane  on  their  basis.  However,  as  it  is  noted  in  [15], 
spontaneous  crystallization  was  polyurethane,  containing  the 
crystallizing  oligoester  olocxs,  it  occur/flow/lasts  only  at  the 
sufficient  length  of  the  oligoester  blocks  when  the  rigid 
diisocyanate  blocks  of  macro-cnain  no  longer  can  interfere 
crystallization. 

Really/actually  ,  even  after  semiannual  aging  at  room  temperature 
spontaneous  crystallization  is  observed  only  for  specinen/saaple  by  3 
(see  Table  57).  Specimen/sample  i  (see  Table  57).  To  this,  testifies 
the  character  of  thermograms  [42,  75]. 

The  character  of  the  tneruai  effects  of  the  deformation  of 
specinen/saaple  1  (Fig.  113)  is  analogous  such  for  the  highly  elastic 
deforaation  of  other  polymeric  systems,  i.e.,  the  stretching  of 
specinen/saaple  is  accompanied  by  heat  liberation.  This  is  explained 
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by  the  decrease  of  the  entropy  of  system,  which  occurs  as  a  result  of 
the  decrease  of  a  number  cr  conformations  of  macromolecules  in 
polymer  in  the  course  cf  taa  process.  Relieving  stress  and 
abbreviation  in  the  specimen/sample  is  accompanied  by  heat 
absorption.  Consequently,  tne  investigated  polyurethane  during 
deformation  develops  the  properties  of  an  entropy-elastic  material. 

Figure  114  gives  tne  quantitative  dependence  of  the  areas  of  the 
peaks  of  the  thermal  effects  of  stretching  on  the  temperature  in  two 
successive  deformation  cycles  for  specimen/samples  1  and  2. 

During  the  repeated  cycle  of  tensile  strain,  of  both  of 
specimen/samples  is  accompanied  by  large  exothermic  effect  than  with 
primary  stretching;  gr cw/increase  the  values  of  thermal  effects, 
also,  with  a  temperature  rise. 

Table  59.  The  characteristic  of  tuose  investigated  it  is 

polyurethane. 
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1  :  1 
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1  :  1 

23  800 

Key;  (1).  Specimen/sample.  (2).  Polyether/pclyester .  (3) 
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Page  194. 

For  it  is  polyurethane  witn  a  significant  quantity  <  physical 
bonds  of  a  difference  in  tne  Lnermal  effects  during  repeated  cycles 
or  with  an  increase  in  the  temperature  it  is  possible  to  explain  by 
the  fact  that  after  the  primacy  process  of  the  decomposition  of 
bonds,  accompanied  by  heat  ansorption,  in  the  second  cycle 
predominate  only  entropy  cuanges.  The  same  takes  place,  if  the  part 
of  the  physical  bonds  disintegrates  with  with  an  increase  in  the 
temperature. 

Since  in  our  case  deformation  thermodynamically  unbalanced,  is 
observed  certain  difference  in  tne  thermal  effects  of  stretching  and 
abbreviation. 

The  character  of  tne  tnetmograms  of  specimen/samples  1  and  2  is 
analogous;  however,  due  to  tne  less  density  of  chemical 
cross-linking,  last/latter  specimeu/sample  mere  is  elastic,  which 
conditions  the  larger  values  or  tnermal  effects  and  the  smaller 
values  of  the  voltage/stress  of  specimen/sample  with  the  identical 
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degrees  of  deformation. 

Even  the  semiannual  aging  or  specimen/samples  1  and  2  at  room 
temperature  does  not  lead  to  a  cuaiige  in  the  original  character  of 
thermal  effects  with  their  aetormation. 

Moreover  the  character  or  'hetaal  effects  during  the  deformation 
of  specimen/sample  3  depends  sunstantia lly  cn  the  duration  of  its 
aging,  which  undoubtedly  is  caused  by  development  in  polyurethane  in 
the  course  of  time  of  crystal  structure  of  different  degree  cf 
percection.  In  the  initial  stage  (immediately  after  obtaining  or 
heating  with  50°C)  the  character  or  the  thermal  effects  of  the 
deformation  of  specimen/ sum pies  1,  2  and  3  is  identical,  i.e„, 
polyurethane  behaves  as  entropic-elastic  material. 

However,  after  semimon tmy  aging  the  character  of  the  thermal 
effects  of  the  deformation  or  specimen/sample  3  substantially  is 
changed  (Fig.  115). 

In  contrast  to  speciiaen/saaple  1  stretching  of  specimen/sample  3 
is  accompanied  heat  absorption.  Tuis  phenomenon  can  be  bonded  with 
the  simultaneous  course  tne  elastic  deformation,  occurring  in  the 
initial  stage  of  stretcning  ami  caused  by  the  presence  in  the 
specimen/sample  of  3  crystalline  puases,  and  the  decomposition  of 
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crystalline  phase,  which  can  occar/flow/last  with  stretching  and  it 
is  also  accompanied  by  hear  anscrption. 
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Pig.  114.  The  temperature  dependence  of  the  areas  of  the  exothermic 
peaks  of  the  stretching  cl  speciaen/samples  1  (curves  1,  3)  and  2 
(curves  2,  4).  Solid  lines  -  1  cycle  of  stretching,  broken  -  II  cycle 
of  the  stretching  (designations  see  in  Table  57). 

Page  195. 

In  this  case,  in  contrast  to  specimen/samples  1  and  2  after  the 
rapid  stretching  of  specriaen/saaple  3,  is  observed  stress  relaxation. 


which  is  accompanied  by  heat  liberation,  about  which  tells  wide 
exothermic  maximum  on  dirferentiax  in  temperature  slope.  This 
indicates  that  together  wrtn  the  described  processes  in  the  course  of 
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stretching  is  developed,  in  proportion  to  an  increase  in  the  content 
of  amorphous  phase,  the  common  process  of  highly  elastic  deformation, 
whose  heat  is  first  completely  compensated  for  by  heat  the  indicated 
above  two  processes,  which  are  prevailing  in  the  initial  stage  of 
deformation. 

However,  the  decomposition  or  crystalline  phase  stops  in  the 
course  of  time,  and  the  development  of  highly  elastic  deformation  is 
continued,  that  also  is  retiected  in  the  character  of  the 
fixed/recorded  by  thermogram  thermal  effect. 

Consequently,  specimen/sample  3  with  stretching  behaves 
simultaneously  both  energy-  ana  entropy-elastic  material. 

However,  an  abbreviation  in  deformed  specimen/saaple  3,  and  also 
in  specimen/samples  1  and  2  is  accompanied  ty  heat  absorption  (Fig. 
116),  i.e.,  after  t^.e  assigned  deformation,  which  leads  to  the 
decomposition  of  crystalline  phase,  to  poly-urete  it  behaves  as 
entropy-elastic  material. 

It  is  interesting  that  tne  more  prolonged  aging  (four  months)  of 
specimen/sample  3  leads  to  a  new  cnange  in  the  character  of  the 
thermal  effects  of  its  deformation  (Fig.  116).  In  this  case,  as  for 
specimen/samples  with  semimonthly  aging,  stretching  is  also 
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accoapanied  by  heat  absorption;  uovever,  abbreviation  occurs  already, 
on  the  contrary,  with  heat  liberation. 
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Fig.  115.  Thermogram  of  t he  deformation  specimen/samples  3, 
exposed/persistent  two  months  at  room  temperature. 

Fig.  116.  Thermogram  of  deformation  specimen/samples  3, 
exposed/persistent  four  months. 

Page  196. 

This  phenomenon  is  caused  oy  further  increase  in  the  degree  of 
crystallinity  and  perfection  or  the  crystalline  phase,  which  leads  to 
the  fact  that  the  thermal  effects  of  the  deformation  of  polyurethane 
are  determined  already  predominantly  by  the  presence  of  crystalline 
phase. 


Thus,  basic  process,  calling  endothermal  effect  during 


deformation,  is  elastic  deformation.  The  nonconformity  of  the  areas 
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of  peaks  with  stretching  ana  aoure viation  is  bonded  with  an 
abbreviation  in  the  partially  amorphized  specimen/sample.  It  should 
be  noted  that  the  higher  and  more  modern  crystallinity  of 
specimen/sample  3,  exposed/persistent  in  the  course  of  four  months, 
indicate  the  increased  values  or  voltage/stresses,  corresponding  to 
the  same  degree  of  stretching,  as  an  the  specimen/sample, 
exposed/persistent  in  the  course  or  two  months. 

Since  with  this  degree  or  stretching  the  decomposition  of 
crystalline  phase  proceeds  not  so/such  deeply,  logically  that  it 
limits  the  development  of  argnly  elastic  deformation.  This 
escape/ensues  from  the  absence  or  the  clearly  expressed  exothermic 
effect  after  stretching,  and  also  rrom  the  prevailing  course  cf  the 
exothermic  process  of  the  reversiole  elastic  deformation  during  an 
abbreviation  in  the  specxmen/sampie.  Thus,  specimen/sample  3  after 
four  month  old  aging  at  room  temperature  behaves  with  stretching  and 
abbreviation  predominantly  as  an  energy-elastic  material. 

From  that  presented  at  follows  that  an  increase  in  cross-linked 
polya thyleneglycolad ipateurethaue  of  the  length  of  oligoester  block, 
conditioning  the  course  an  at  or  crystallization  processes,  leads  to 
a  change  in  the  character  of  tnear  deformation  and  molecular 
mechanism  of  this  process.  Cuaracter  and  mechanism  of  deformation  for 
is  polyurethane  with  sutfxcieatly  long  oligoester  blocks  strongly  it 
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depends  on  the  depth  of  crystallization  processes  and  perfection  of 
the  formed  crystalline  phase. 

RELAXATION  PROPERTIES  OF  PUc XURElrtANES . 

Although  many  speciiic  special  feature/peculiarities  it  is 
polyurethane  they  are  tended  with  their  relaxation  behavior,  works  in 
this  region  it  is  small.  Relaxation  processes  in  polyurethane 
elastomers  on  three  following  reasons  must  differ  fron  the  same  in 
other  elastomeric  systems  the  large  contribution  of  physical 
reactions  into  effective  network  density;  the  possibility  of  the 
rearrangement  of  the  structure  or  grid  during  deformation;  the 
special  feature/peculiarity  or  tne  structure  cf  polyurethane  chain, 
which  is  actually  the  molecule  or  block  copolymer. 

In  numerous  works  according  to  mechanical  properties,  it  is 
polyurethane  they  are  brougnt  the  isolated  information  about  stress 
relaxation  in  one  or  the  otner  materials,  but  these  results  do  still 
not  give  the  presentaticn/concept  of  the  special 

feature/peculiarities  of  relaxation  behavior  and  its  dependence  on 
voltage/stress,  effective  network  density,  temperature,  length  and 
nature  of  oligomeric  block,  etc. 


Page  197 
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Meanwhile  the  study  of  this  proulea  of  the  importantly  not  only 
understanding  of  specific  cnaracter  it  is  polyurethane,  but  also  from 
the  conmon/general/total  positions  of  the  theory  of  the 
viscoelasticity  of  reconstructing  grids  [135].  The  chemical 
relaxation  of  polyurethane  runners  are  bonded  with  the  decomposition 
of  the  chemical  bonds,  whicn  generate  three-dimensional/space  grid, 
and  with  caused  by  this  factor  relaxation  of  stresses  [188,  282].  So, 
for  six  types  of  rubbers,  in  which  are  realized  different  bonds,  are 
obtained  the  curves  of  tne  relaxation,  from  which  are  calculated  the 
times  of  the  chemical  relaxation  psee  Fig.  63,  "£able  34)  .  These  data 
show  that  weakest  weak  rends  iu  polyurethane  rubbers  must  be  bonds  of 
the  type  of  disubstituted  urea  or  niuret.  The  increase  of  the  time  of 
chemical  relaxation  with  12G°C  tea  times  can  be  reached  during  the 
replacement  of  these  bonus  to  otners.  It  was  established  that  stress 
relaxation  has  identical  speed  noth  in  the  elastomers  on  the  basis 
polyethers  and  in  elastomers  on  the  basis  of  polyesters,  i.e.,  ester 
groups  do  not  affect  the  rate  of  tne  relaxation  of  voltage/stresses 
[  188,  282  ]. 


On  low-modulus  polyurethane  composition  with  high  transparency 
and  double  refractive  sensitivity,  is  carried  out  the  comparison 
mechanical  and  optical  relaxation,  based  on  the  application/use  of 
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principle  of  temperature-time  superposition  and  theory  of 
Williams-Landell-Far ri  (ViF)  [  IbiJ.  For  such  specific  and 
nonrepresentative  in  whole  ror  it  rs  polyurethane  system  they  are 
calculated  the  value  of  relaxation  modu le/ncd ulus,  factor  is  given 
nt  and  other  characteristics,  aetermined  by  theory.  The  results  of 
the  coaparison  of  experimental  data  will  coincide  with  those 
calculated  by  the  theory  of  Vi F.  Consequently,  work  shows  the 
applicability  of  the  thecry  of  VLF  to  the  systems  of  polyurethane 
ser ies/ number ,  but  general  regularities  or  special 
feature/peculiarities  art  not  estaolish/installed . 


Some  dynamic  mechanical  properties  are  investigated  for  it  is 

i 

polyurethane  on  basis  ci  poly  -  e  -  caprolactcn  [202].  The  study  of 
mechanical  losses  at  ditrerent  temperatures  will  make  it  possible  to 
connect  them  with  molecular  weignt  of  polyester  block.  Interestingly 
that  in  this  case  is  observed  tne  peculiar  dependence  of  mechanical 
I  losses  on  temperature  (growth  and  achievement  of  maximum  when  Tc. 

further  deacrease  and  again  growtnj .  In  the  region  of  higher  than  the 
I  temperature  of  the  vitrification  or  polyether/polyesters  of  less, 

they  increase  with  the  decrease  of  molecular  weight. 

Are  prepared  polyuretaane  in  the  form  cf  homologous  series  in 
ratio/relation  to  the  concentration  of  polar  groups  and  to  the 
density  of  nodes,  and  in  tne  region  of  transition  from  glassy  to 
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elastic  state  are  investigated  tneir  viscoelastic  properties.  It  is 
establish/installed,  that  tne  temperature  of  vitrification  and  the 
slope  of  the  region  of  viscoelastic  dispersion  decrease  with  an 
increase  in  the  concentration  of  urethane  and  biuret  bonds  and 
density  of  cross-linking,  in  eacn  case  reveal/detected  large 
disagreement  between  the  values  aau  coefficients  of  the  expansion  of 
free  space,  calculated  according  to  the  theory  of  VLP  and  the 
equation  of  Doolittle  (parameter  6  is  accepted  as  unity) . 

Page  198. 

For  the  explanation  of  these  disagreements,  it  is  possible  to  assume 
that  B  decreases  with  temperature  as  a  result  of  the  thermal 
dissociation  of  the  secondary  bonds  between  pclar  groups,  the 
lowering  value  of  network  element,  which  participates  in  molecular 
motion. 

In  work  [280]  are  studied  lor  the  first  time  the  relaxation 
properties  of  cross-linxed  ones  it  is  polyurethane  on  the  basis 
polyethers  with  purpose  or  connecting  them  with  chemical  nature  and 
molecular  weight  of  polyetner/polyester ,  and  also  with  the  conditions 
of  the  synthesis  reaction  in  the  course  of  which  is  laid  the 
structure  of  polyurethane,  is  objects  are  selected  the  cross-linked 
polyurethane  on  the  basis  or  simple  oligoester  of  different  chemical 
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nature,  4 ,4*-diphenylmetnauedixsocyanate  and  triaethylol  propane 
(TMP)  . 

Obtaining  is  polyuretnane  it  is  possible  to  divide  into  two 
stages:  synthesis  of  macro-dnsocyanate  and  the  formation  of 
three-diaensional  grid  as  a  result  of  reacting  HDI  from  TMP.  For  the 
synthesis  of  HDI ,  use  PPG  (moi.  weight  500,  1000,  1500,  2000  and 
3000) ,  and  also  polyoxytetrametnyleneglycol  (PTGF,  mol.  weight  645, 
960,  1450,  1930,  3000)  and  4, 4* -dxphe ny 1  me t ha nediisocyanate,  taken  in 
relationship/ratio  1:2  [260].  Cross-linking  it  is  polyurethane  is 
conducted  as  a  result  or  reacting  MDI  and  TMP  in  the  solar 
relationship/ratio  NCO/CH=1. 


On  the  relaxation  properties  of  those  cross-linked,  it  is 
polyurethane  they  judge  cy  measurement  data  of  relaxation  of  stress 
of  file  speciaen/samples  at  the  constant  deforaation  of 
unidirectional  tension  and  rooa  temperature.  For  this  purpose  are 
reaove/taken  relaxation  curves,  iron  which  are  calculated  the 
paraaeters  of  relaxation  oenavicr  according  to  the  equation  of 
Kohlrausch  [250] 

-i±\K 

o(/)=o«  -o0e  '  tI  -*£=.  +  e£*  U  ’  ’  <V!U. 


where  a  <E  )  -  an  equilibrium  part  of  the  voltage/stress  (modulus  of 
elasticity);  *0(Eo)  *  the  relaxing  part  of  the  voltage/stress 
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(modulus  of  elasticity)  ;  r  -  relaxation  time;  e  -  relative 
deformation  of  speciaen/saaples ;  K  -  constant  of  material. 

Measurements  conduct  on  relaxometer  with  the  rigid  dynamometer, 
ensuring  the  constancy  ci  deformation  during  experiment,  and  by  the 
automatic  record  of  the  measured  values.  Experimental  value  and 

(•^  determine  from  equation  (V,  1;  by  the  values  of  the  equilibrium 
modulus  of  elasticity  theoretical  values  mct  and  -f-i  calculate 

1  T 

from  eguation  (V,  2)  . 

From  the  experimental  curves  of  stress  relaxation  during 
constant  deformation  fcr  two  series  of  the  specinen/samples  of  those 
cross-linked,  it  is  polyurethane  trom  different  by  network  density 
(Fig.  117)  employing  procedure  £  lOo,  124]  they  are  calculated  the 
parameters  of  the  equation  or  Konirausch. 

Page  199. 

In  terms  of  the  obtained  values  or  these  parameters,  are  obtained  the 
stress  levels  at  different  moment  of  times  (point  on  graphs)  .  As  can 
be  seen  from  Fig.  117,  the  calculated  values  satisfactorily  coincide 
with  experimental  curves,  wmch  indicates  the  applicability  of  the 
equation  of  Kohlrausch  ror  description  of  stress  relaxation  in  the 
investigated  polyurethane.  Position  and  character  of  relaxation 
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curves  show  that  the  leaden  or  oujoester  block  in  the  investigated 
polyurethane  grids  has  siguif leant  eftect  on  the  parameters  of 
relaxation  properties.  Let  us  examine  last/latter  in  more  detail. 

Prom  the  dependence  of  the  equilibrium  modulus  of  elasticity 
from  molecular  weight  of  oligcester  for  it  is  polyurethane  on  the 
basis  of  PTGF  and  PPG  (Pig.  lid)  is  evident  that  a  change  in 
molecular  weight  of  cliqoester  block  exerts  a  substantial  influence 
cn  the  equilibrium  modulus  oi  elasticity.  This  is  bonded  with  a 
change  in  the  denseness  cf  the  thcee-dimensional/space  grid,  which 
depends  on  the  length  of  oligoester  link.  An  increase  in  molecular 
weight  of  oligoester  bloc*  (decrease  cf  network  density)  from  500  to 
3000  leads  to  the  gradual  decrease  of  the  equilibrium  elasticity  of 
three-dimensional/space  grid  10-15  times. 
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Fig.  117.  Experimental  tne  curves  of  stress  relaxation  it  is 
polyurethane  on  the  basis  or  PTUF  (a)  and  PPG  (b)  :  1  -  with  molecular 
weight  650;  2  -  960;  3  -  1450;  4  -  1930;  5  -  3000;  6  -  500;  7  -  1000; 
8  -  1500;  9  -  2000;  10  -  JOoo. 

Page  200. 

It  should  be  noted  that  noth  curves  are  very  close  to  each  other, 
i.e.,  the  equilibrium  mcauius  or  elasticity  dees  not  virtually  depend 
on  the  chemical  nature  or  tne  etuer/ester  comjonent  of  those 
investigated  it  is  polyuretuane.  ihis  result  will  be  in  complete 
agreement  with  the  concl usion/aerr vations  of  the  kinetic  theory  of 
high  elasticity  according  to  wmen  the  elasticity  of  molecular 
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network  is  bonded  only  with  network  density. 

In  Fig.  118  it  follows  tuat  tor  both  it  is  polyurethane  sharpest 
lowering  in  the  equilibrium  modulus  it  proceeds  during  an  increase  in 
molecular  weight  of  oliyoester  o.i.ock  from  500  to  1500.  Further 
increase  Moa  from  2000  to  J00Q  insignificantly  decreases  £M.  From 
this  it  follows  that  at  value  Afoa=  2000  and  above  equilibrium 
elasticity  does  not  virtually  depend  on  the  size/dimension  of  the 
oligoester  comprising  tnree-anaeusional  grid  cf  polyurethane. 

The  kinetic  parameters  or  the  equation  of  Kohlrausch  (relaxing 
part  of  the  module/mod ulus  or  elasticity  E0,  relaxation  time  r  and 
parameter  K)  depend  substantially  on  Mo3  (Fig-  119)- 
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Pig.  118.  The  dependence  of  toe  equilibrium  modulus  of  elasticity 
Ex  on  molecular  weight  or  ongoester  m0,  for  it  is  polyurethane  on 
the  basis  of  PTGF  (1)  ana  PPG  • 


Key:  (1)  .  kgf/cm*. 


0  WOO  2000  M„ 

0  Z, 

Fig.  119.  Effect  of  molecular  weight  of  oligoester  m03  on  relaxing 
part  of  nodule/modulus  ci  elasticity  E0  (a) ,  relaxation  time  (b)  and 
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parameter  K  (b)  for  it  is  poly uietuane  on  basis:  1  -  PTGF ;  2  -  PPG. 

Key:  (1).  kgf/cm2.  (2).  am. 

Page  201. 

However,  in  contrast  tc  module/ mod ulus  E0,  which  proved  to  be 
insensitive  to  a  change  in  tue  cuemical  nature  of  oligoester 
component,  these  parameters  depenu  on  the  latter.  The  relaxing  part 
of  the  module/modulus  of  elasticity  E0  (Fig.  119a)  sharply  decreases 
during  an  increase  Moa  tor  both  it  is  polyurethane.  In  range  cf 
values  Me*  from  15000  to  dOUU,  tnis  is  expressed  weakly;  however,  E0 
for  is  polyurethane  on  the  oasis  of  PTGF  considerably  higher  than 
corresponding  values  for  it  is  polyurethane  on  the  basis  of  PPG, 
especially  in  range  of  values  m03  from  500  to  1000.  This  difference 
is  gradually  decreased  wita  an  increase  M0a- 

Although  the  modulus  o£  elasticity  for  a  polymer  and  is  not  the 
constant  (it  it  depends  ca  speed  oi  duration  cf  deformation)  , 
nevertheless  this  is  the  important  characteristic  of  polymer,  which 
makes  large  physical  sense.  It  is  the  measure  of 

three-dimensional/space  of  cross-linking  of  polymer.  In  terms  of  the 
values  of  the  relaxing  pact  of  the  modulus  cf  elasticity,  it  is 
possible  to  judge  the  speed  of  the  course  of  relaxation  processes. 
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Fig.  120.  Logarithmic  dependence  by  equilibrium  to  £„  (1,  2)  and 

relaxing  E„  (3,  4)  of  the  parts  of  the  modulus  of  elasticity  of 
for  is  polyurethane  on  the  Oasis  or  PTGF  (1#  3)  and  PPG  (2.  4). 

Page  202. 

The  determined  from  curves  of  Fig.  120  constants  of  equations 
comprise  A=6.03;  B=1.42;  A|=1G.44;  Bt=2.93  for  is  polyurethane  on  the 
basis  of  PTGF  and  A=6.62;  B=1.63;  Aj=10.7;  Bt  =  3.  15  for  is 
polyurethane  on  the  basis  or  PPG. 

Molecular  weight  of  oiigoester  affects  also  the  relaxation  tine 
r,  which  is  the  characteristic  or  the  speed  of  the  relaxation 
processes  (see  Fig.  119b).  witn  an  increase  Moa  relaxation  time  for 
both  it  is  polyurethane  sharply  it  descends  in  range  of  values 
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■W03  —  500— 150 \  approaching  equiAiorium  during  further  increase  Mce  With 
W  ,  ,  close  to  1200,  relaxation  time  and,  consequently,  also  speed 
relaxation  processes  fcr  both  is  polyurethane  they  are  identical; 
lower  than  this  value  relaxation  tine  has  greater  value  fcr 
polyurethane  on  the  basis  of  PTGF,  but  it  is  higher  than  it  -  for 
polyurethane  on  the  basis  or  PPG.  Apparently,  with  nolecular  weight 
of  oligoester  lore  than  1200  becoaes  possible  the  ordering  of  the 
sections  of  the  aacr oaolecuies  between  nodes  for  polyurethane  grids 
on  the  basis  of  PTGF  as  a  resuit  or  the  more  regular  chemical 
structure  of  the  latter. 

Parameter  K  of  equation  reveals  more  critical  dependence  on 
for  it  is  polyurethane  on  the  basis  of  PTGF,  nonotonically  descending 
from  0.55  to  0.29  during  an  increase  M,s  from  645  to  3000-  Its  values 
for  PU  on  the  basis  of  PPG  uecrease  linearly  frem  0.32  to  0.24  during 
an  increase  Moa  •  from  50b  to  1000. 
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Tabid  60.  The  experimental  and  theoretical  values  of  average 
molecular  weight  of  segment  (Mc. »  and  mc  t)  and  of  effective  density  of 
cross -linking  it  is  polyurethane  on  the  basis  of  PTGF  and  PPG. 
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From  the  experimental  values  of  equilibrium  modulus  and  density 
p,  is  calculated  molecular  weight  of  segment  Mos  and  effective 
density  of  cross-linking  (^f )  (table  60) .  For  a  comparison  are 
represented  theoretical  values  ,vj.  T  and^4r).  determined  according  to 
equation  (V,  2) ,  on  the  basis  of  the  stoichiometric 

relationship/ratios  of  the  mitral  products,  undertaken  for  synthesis 
is  polyurethane. 
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As  is  evident,  for  tota  is  polyurethane  with  snail  ones  Af,,:, 
(500-1000)  experimental  values  ,W, ,  and  (  —  i  vill  prove  to  be 
respectively  less  even  larger  than  theoretical,  but  for  was 
polyurethane  with  large  Af0s  (2000— 30(H))  -  conversely.  This  dependence, 

apparently,  is  bonded  either  with  a  change  in  the  character  of  the 
defectiveness  of  chemical  grid  (tor  example,  by  transition  frcm  the 
lashing  of  chains  into  PUNO  1  wnose  action/effect  analogous  with  the 
action/effect  of  the  chemical  oouds,  to  a  large  quantity  of 
ne-cross-linked  sections  and  ends  of  the  chains  for  PUVO  1  which 
nothing  they  introduce  into  tn«  elasticity  cf  molecular  network) ,  or 
with  the  special  f eatur e/peeuiiar ities  of  the  supranolecular 
structure  of  these  it  is  polyurethane. 

FOOTNOTE  *.  PUNO  and  PUVQ  -  polyurethane  on  the  basis  of 
low-molecular  and  high-molecular  oligoesters  respectively. 
ENDFOOTNOTE. 

The  discovered  anomaly  satisfactorily  is  explained  with  the  positions 
of  the  supermolecular  structures  of  those  investigated  it  is 
polyurethane,  which  leads  to  tne  need  for  the  examination  of  their 
mechanical  behavior  for  close  connection  with  conditions  for 
synthesis  and  kinetics  ct  tne  process  of  cross-linking. 
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Examining  the  obtained  result  from  this  position,  it  is  possible 
to  state/establish  that  tne  behavior  of  those  investigated  it  is 
polyurethane  with  the  large  length  of  oligoester  block  bonded  with 
the  incompletness  of  the  ruination  of  chemical  grid.  It  is  obvious, 
in  this  case  of  condition  and  the  xinetic  special 

faature/peculiarities  of  tae  process  of  cross-linking  are  such,  that 
is  impossible  the  realization  or  tne  complete  cure  of  NDI  in 
conformity  with  stoichiometry  of  initial  products.  Therefore  the 
defectiveness  of  grid  fcr  data  it  is  polyurethane  it  is  characterized 
by  a  smaller  number  of  cross-linxings  per  unit  of  volume,  than  it 
follows  from  theoretical  consignations,  and  by  a  large  number  of 
free  ends  of  the  chains. 

For  explaining  the  reasons  for  the  discovered  anomaly  conducted 
calorimetric  investigation  of  Kinetics  of  the  process  of 
cross-linking,  which  showed  that  tne  speed  cf  the  cross-linking  of 
MDI  decreases  with  an  increase  Moa  However,  even  in  the  case  of 
high-molecular  oligoester  the  duration  of  solidification  does  not 
exceed  6  h,  that  illustrates  well  the  curve  of  the  dependence  of  the 
parameter  of  the  perfection  of  tne  process  of  cross-linking  on  the 
thermal  effect  of  reaction  on  time  (Fig*  121).  Hence  it  follows  that 
the  selected  by  us  tine  for  soliairication  it  is  polyurethane 


DOC  =  79011111 


PAGE 


completely  sufficiently  and  is  not  the  reason  for  the  incompletness 
of  the  fornation  of  grid. 

T.  E.  Lipatova  and  S.  A.  Zuoxo  have  shewn  [  61  ],  that  the 
fornation  of  the  grid  of  tae  point  of  gel  fornation  is  described  by 
equation  of  Avrani  [165]. 

Page  204. 

It  is  interesting  to  note  that  tae  value  of  the  specific  rate  of 
fornation  of  gel  fraction  K0,  determined  from  this  equation, 
correlates  with  the  value  or  tue  equilibrium  modulus  of  elasticity. 
Por  both  of  types,  it  is  polyurethane  to  the  high  values  K0  they 
correspond  and  the  high  values  or  the  equilibriun  modulus  of 
elasticity  (Table  61).  from  these  data  it  follows  that  between  the 
parameters  of  relaxation  properties  and  the  characteristics  of 
kinetics  of  the  process  or  cross-linking  it  is  polyurethane  there  is 
the  specific  bond.  Therefore  setting  up  of  the  investigations, 
dedicated  to  this  bond,  has  large  of  value  for  explaining  the  special 
feature/peculiarities  of  the  structure  of  polyurethane  elastomers  and 
explanation  of  the  anonalies  of  their  mechanical  behavior. 

Por  studying  the  structure  at  supr anolecular  level,  carried  out 
electron-microscope  investigation  (on  electron  microscope  UEMV'- 100 


DOC  =  79011111 


according  to  the  method  of  oxygen  etching  in  gas  discharge  [9]) 
objects  (Fig.  122/  see  insert)  ,  winch  showed  that  they  possess 
globular  structure.  Similar  gloouiar  structures  are  observed  in  the 
case  of  other  polyurethane  elastic  systems  of  reticular  structure 
[58],  and  also  in  cross-linKed  elastic  pclyalkylmethylsilcxane  [125], 
in  cross-linked  poly acryla tes  [J7J,  phenol-formaldehyde  and  ether 
polymers  of  spatial  structure  [34,  207,  319].  The  globular  structure 
of  polymer  networks  is  sufficiently  distributed  for  many 
three-dimensional/space  amorphous  polymers  both  in  glassy  and  in 
highly  elastic  states. 

That  establish/instailed  oy  us  the  deviation  of  the  experimental 
values  of  the  density  cf  cross-finning  (— )  and  of  average  molecular 
weight  of  the  segment  from  tnea  of  the  theoretical  values  (see  Table 
60)  is  possible  satisfactorily  to  explain  from  the  positions  cf  the 
globular  structure  of  the  investigated  polyurethane  grids. 


t 
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Pig.  121.  Kinetic  curve  the  formation  of  polyurethane  grid  on  the 
basis  of  PPG  of  molecular  rfeignt  2000  at  the  temperature  of 
cross-linking  by  80°C. 

Key:  (1) .  the  degree  of  transformation.  (2) .  sin. 

Table  61.  The  kinetic  parameter  of  the  process  of  cross-linking  and 
the  equilibriun  modulus  of  elasticity  for  are  polyurethane  on  the 
basis  of  PTGF  and  PPG. 
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Page  20S. 

Really /actually,  during  ootaiaiag  of  POltO,  are  foraed  the  globules  of 
smaller  site/dimensions  than  ia  the  case  of  PUVO,  that  confirm  the 
electron- microscope  observations.  Por  small  globules  in  comparison 
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with  large-globular  structure,  mere  is  large  probability  that 
NCO — group,  which  participate  xn  cue  reaction  of  cross-linking,  are 
arrange/located  on  then  surrace  or  near  it.  In  large-globular 
structure  the  arrangement  of  reactive  NCO — group  is  more  probably 
within  the  volume  of  glonures,  tnan  on  their  surface,  as  a  result  of 
high  size/dimensions.  This  reads  to  the  formation  of  defective  grid 
with  a  large  quantity  of  unreactrng  functional  groups,  and 
consequently,  with  a  large  numner  of  free  en^s  of  the  chains  of  grid. 
Thus,  incomplete  solidirication  ana  incompletness  of  the  formation  of 
chemical  grid  in  PUVO  is  a  result  of  their  globular  structure. 

And  finally,  in  the  examination  of  the  special 
feature/peculiarities  or  tne  structure  of  the  investigated  by  us 
grids  and  their  bond  with  mechanical  behavior  it  is  necessary  to  take 
into  consideration  the  positron  or  the  urethane  groups  in  grid,  which 
are  the  main  reason  for  strong  pnysical  reaction.  It  is  obvious,  the 
urethane  groups,  arrange/located  rn  chemical  network  points,  have 
smaller  possibility  for  the  formation  of  hydrogen  bonds,  since  their 
mobility  is  suppress  by  strong  caemical  bonds.  However,  the  degree  cf 
the  collaboration  of  these  groups  rn  the  formation  of  physical  bonds 
is  changed  upon  transfer  from  PUNO  to  PUVO.  Really/actually,  in  the 
case  of  application/use  ror  tne  synthesis  of  lew- molecular 
oligoester,  is  formed  the  poiyuretaane  fine-globular  structure,  which 
has  more  developed  interlace,  wnren  conditions  a  stronger  physical 
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reaction  between  globules  witn  a  maximally  possible  (for  the  given 
size/dimension  of  globules)  aeuseness  of  the  chemical  grid,  which 
approaches  theoretical.  In  spite  cl  the  fact  that  urethane  groups 
"are  enslaved"  in  chemical  networx  points,  their  possibilities  in  the 
formation  of  hydrogen  bonus  to  tn«s  certain  degree  grow/increase 
because  of  a  large  quantity  or  aujacent  small/fine  globules.  This, 
apparently,  and  leads  tc  tne  larger  experimental  values  of  the 
equilibrium  moduli  of  elasticity,  effective  density  of  cross-linking 
and  the  smaller  values  or  average  molecular  weight  of  segment,  in 
comparison  with  theoretical  for  PUMO. 


with  the  synthesis  of  PU Vo,  is  formed  the  chemical  grid  with 
more  appreciable  globules,  whicn  possesses  much  smaller  interface.  In 
connection  with  this  occurs  incomplete  solidification  it  is 
polyurethane  and  the  formation  cf  more  defective  chemical  grid  with  a 
smaller  guantity  of  chemical  oouds  per  unit  cf  volume.  Furthermore, 
the  value  of  physical  reaction  is  minimum  due  to  a  smaller  guantity 
of  physical  contacts  between  lore  appreciable  globules  and  smaller 
possibilities  for  the  fcrmatiou  or  hydrogen  bonds,  by  the  "enslaved" 
in  chemical  nodes  urethane  groups. 


Page  206. 


Consequently,  in  this  case  cue  contribution  and  chemical,  and 
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physical  reactions  into  rum  elasticity  is  minimal,  than  are 

explained  the  obtained  ny  us  considerably  lcwer  experimental  values 
of  the  equilibrium  modulus  or  elasticity,  effective  density  of 
cross-linking  and  the  hignec  values  of  average  molecular  weight  of 
segment  in  comparison  vita  taeoretical  ones. 

The  chemical  nature  or  oligoester  block  does  not  virtually 
affect  the  equilibrium  elasticity  (see  Pig.  118,  Table  60),  and  also 
average  molecular  weight  or  segment  and  effective  density  of 
cross-linking;  however,  is  nad  noticeable  effect  on  kinetics  of 
relaxation  process  (cm.  Fig.  119). 

Thus,  the  study  of  tue  relaxation  properties  of  cross-linked 
ones  it  is  polyurethane  on  tue  rasis  polyethers  in  connection  with  by 
their  molecular  and  supermolecular  structures  and  conditions  for 
obtaining  it  will  make  it  possiule  to  establish/install  some  special 
feature/peculiarities  or  structure  and  mechanical  properties.  During 
an  increase  in  the  length  ot  cligoester  block,  decrease  chemical  and 
physical  reactions  and,  consequently,  also  equilibrium  elasticity, 
which  is  caused  by  the  glooular  structure  of  polyurethane  grids. 

The  obtained  results  snow  tnat  the  chemical  grid  of  those 


investigated  it  is  polyuretnane  it  is  characterized  by  the 
significant  structural  neterog«nerty,  which  exerts  a  substantial 
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influence  on  the  mechanical  oehavior  of  polymeric  body.  Therefore  it 
is  necessary  to  reexamine  tne  mecnanical  conducting  of  such  systems 
on  the  basis  of  the  new  presentaticn/concepts  of  them  globular 
structure. 


The  results  of  this  investigation  are  related  to  polyurethane, 
in  which  the  role  of  physical  oonas  is  relatively  small.  Meanwhile 
interest  are  of  relaxation,  bonaea  also  with  decomposition  and 
reduction  of  physical  netwocx  points.  Such  processes  to  a  certain 
degree  are  analogous  chemical  relaxation.  From  this  point  of  view,  is 
important  the  study  of  tne  linear  amorphous  "neristic"  elastomers  in 
molecules  of  which  there  is  a  sequence  of  pliable  and  rigid  segments 
[193].  In  such  elastomers  large  strength  and  high  modulus  of 
elasticity  are  higher  than  tne  temperature  of  vitrification  Te,  where 
other  elastomers  had  properties  of  viscous  liquids.  The  authors  [193] 
assumed  that  the  rigid  segments  play  the  role  of  fillers  and  cross 
connections.  The  region  or  tne  increased  moduli  of  elasticity  between 
Tt  and  the  temperature  or  tne  vitrification  of  the  bonded  rigid 
segments  7V  is  caused  by  tne  association  of  glassy  blocks  of 
elastomers.  Based  on  the  example  of  poly ester urethane,  which  contains 
plasticizer  (polyethylene  glycol  with  a  mol.  weight  of  200),  it  is 
shown,  that  the  latter  solvates  predominantly  the  segments  of 
polyether/polyester  and  it  descenas  T(,  without  decreasing  the 
modulus  of  elasticity  above  Tt.  it  we  take  dimethyl  sulfoxide,  then 
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it  solvates  rigid  segments,  lowering  the  module/modulus  between  Te 
and  Tt.  for  such  systems  were  investigated  viscoelastic  properties 
and  temperature  dependence  of  acdule/mod ulus. 

Page  207. 

In  their  time  Bartenev  aaa  Vishnitskaya  [8]  investigated  the 
relaxation  properties  ci  filled  ruobers  and  established  that  stress 
relaxation  in  them  is  determined  n  three  processes  -  relaxation  of 
chains,  relaxation,  bonded  witu  tae  breakaway  of  the  chains  of  rubber 
from  the  particles  of  the  filler,  and  by  the  rearrangement  of  very 
particles  of  the  filler,  fietucning  to  polyurethane,  it  is  possible  to 
assume  that  in  them  really/actually  must  be  realize/accomplished  the 
processes,  bonded  with  the  relaxation  of  physical  nodes  (to 
equivalent  bonds  rubber  -  liller  in  common  rubbers) .  Such  processes 
are  really/actually  reveal/aetectea  during  the  study  of  dielectric 
and  spin-lattice  relaxation  in  oligomers  and  polyurethane  [76],  As 
objects  are  selected  oligoaydroxytetramethyleneglycol, 
oligodiethy leneg lycoladipate  and  adduct  on  the  basis  of  trimethylcl 
propane  and  TDI,  and  also  polyuretnane  on  the  basis  of 
oligodiethyleneglycoladipate  and  dimer  cf  TDI, 

oligohydroxy tetramethy lenegiycol  and  ol igodieth ylene  glycol  and 


mentioned  above  adduct 


Turc9H  ft 


-ZOO  -too  0  tCO  T,eC 


Fig.  123.  The  dependence  or  the  tine  of  spin-lattice  relaxation  on 
the  temperature:  1  -  oliyonydroxytetramethyleneglycol;  2  - 
oligodiethyleneglycoladipate ;  J  -  adduct  on  the  basis  of  trinethylol 
propane  and  TDI;  4  -  cycioaexanooe. 

Key:  (1)  .  ms. 
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Pigure  123  depicts  tne  temperature  dependence  of  time  T,  of  the 


spin- lattice  relaxation  ct  protons  for 
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oligohydroxytetramethyleneglycol,  oligodiethyleneglycoladipate  and 
adduct  on  the  basis  of  tnmetny  lcl  propane  and  toluenediisocyanate, 
but  also  for  pure/clean  cyclonexanone ,  since  in  its  adduct  being 
investigated  are  contained  about  JOo/o.  As  is  evident,  for 
polyether/polyesters  is  cnserved  one  relaxation  process:  for 
polyether  with  -25°C,  fcr  complex  -  with  -  8°C.  It  is  known,  [96], 
that  in  oligomeric  molecules  is  ueveloped  its  own  flexibility  of 
chain.  Since  polyether/ polyesters  Being  investigated  are  linear  and 
do  not  contain  lateral  and  CH3 — group,  then  is  obvious  that  the 
existing  relaxation  process  is  Bonded  only  with  the  motion  of  the 
segments  of  molecular  chains;  tneit  mobility  is  greater  for 
oligohydroxytetramethy leneglycol,  than  for 

oligodiethyleneglycoladipate.  Tne  retardation  of  the  motion  of  the 
molecules  of  polyester  is  explained  by  the  presence  in  the  chain  of 
the  additional  polar  groups,  wnich  lead  to  more  strong/durable 
structural  physical  grid.  Taoie  b2  corrected  values  of  the  energies 
of  the  activation  of  relaxation  process. 

Adduct  is  characterized  uy  two  (a  and  @)  relaxation  processes 
(Fig.  123,  curve  3)  at  70  and  -4d°C,  caused  by  the  motion  of  the 
associates  of  two  types,  wnich  develop  relaxation  at  higher  and  lower 
temperatures.  For  «-  process  is  ooserved  the  break  in  the  curve  of 
dependence  tc  =  f(l/T),  moreover  straight  line  with  smaller 
slope /inclination  is  virtually  parallel  to  the  appropriate  straight 
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line  for  a  0-transition  and  it  mixers  little  from  the 
slope/inclination  of  straignt  line  for  cyclohexanone  (Fig.  124), 
which  gives  virtually  the  identical  energies  of  activation  (2.4; 
2.57;  2.95  kcal/mole,  ”£able  62).  it  one  considers  that  the 
0-transition  of  adduct  and  relaxing  of  cyclohexanone  occur/flow/last 
almost  at  identical  temperatures  (-48  and  -  -52°C),  then  it  is 
obvious  that  0-  process  and  dependence  igTi.=  <p  with  smaller 
slope/inclination  they  are  caused  by  the  presence  in  the  adduct  of 
cyclohexanone,  but  a-process  is  caused  by  the  molecular  mobility  of 
the  associates,  formed  because  or  the  presence  in  the  adduct  of  a 
large  quantity  of  urethare  and  ctfter  groups. 
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*table  62.  Values  of  the  energy  ot  the  activation  (kcal/mole)  of 
initial  components. 
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Key:  (1).  component.  (2).  motion  ot  segments.  (3).  process.  (4). 
simple.  (5).  complex.  (6).  adduct.  (7).  cyclohexanone. 


Note.  The  energy  of  the  activation  of  p-  process  of  adduct  is  equal 
to  2.4  kcal/mole. 
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Fig-  124.  Dependence  igtr  oa  t/T:  1  - 


oligohydroxy tetramethylenegrycol;  /.  -  oligodiethyleneglycola dipate ; 
-  a-  process  of  adduct;  4  -  p-  process  of  adduct;  5  -  cyclohexanone 
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Fig.  125.  Dependence  of  tine  of  spin-lattice  relaxation  on 
temperature:  1  -  PU  rubber;  1  -  PU  on  basis  simple  PE;  3  -  PO  on 
basis  complex  PE. 


Key:  (1)  .  ms. 
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From  the  temperature  dependence  of  the  time  of  spin-lattice 
relaxation  Tj  (Fig.  125)  is  evident  that  for  those  investigated  are 
polyurethane  it  is  observed  three  relaxation  processes: 
low-temperature  (from  -Utf  to  -1ul°C),  bonded  with  motion  CH3 — group; 
the  process,  caused  by  segmental  mobility  of  chain;  for  polyurethane 
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rubber  (20°C)  of  polyuretaane  on  the  basis  simple  PE  (-10°C)  and 
polyurethane  on  the  basis  complex  PE  (35°C) ,  and  also  process  at  the 
higher  temperatures,  which  presents  for  polyurethane  systems  the 
special  interest.  If  fcr  polyurethane  rubber  (Fig.  125,  curve  1)  of 
this  transition  it  is  net  observed,  then  already  for  PO  on  the  basis 
simple  PE  (curve  2)  there  is  a  rend  -  weakly  expressed  minimum  of 
relaxation  which  is  well  visiole  for  it  is  polyurethane  on  the  basis 
complex  PE  (curve  3) .  The  energy  of  the  activation  of  this  process 
two  times  exceeds  the  same  for  segmental  movement  and  is  4.29 
kcal/mole  (Table  63) .  This  process  can  be  caused  by  the 
redistribution  of  molecular  nouas  and  by  the  mobility  of  the  nodes  of 
physical  three-dimensional  grid,  that  it  is  possible  to  present  as 
follows:  with  an  increase  iu  the  temperature  in  the  field  of  the 
superimposed  perturbing  loads,  the  part  cf  the  segments  of  chains, 
bonded  by  the  nodes  of  thcee-dimensiona 1  physical  grid,  is 
free/released,  in  consequence  of  waich  are  formed  new  nodes  and  is 
developed  the  mobility  of  sufriciently  large  structural  units. 

Apparently,  this  process  is  impossible  tc  relate  to 
decomposition  or  possible  rearr augement  [114]  of  biuret,  allophanate 
and  uric  groups,  since  for  their  rearrangement  is  required  the 
activation  energy  from  20  to  50  xcal/mole,  and,  according  to  [254  ], 
dissociation  is  biuret  it  oecomes  noticeable  only  with  120, 


allophanates  -  at  106°C.  According  to  data  [294],  the  biuret  react 
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with  aaines  with  150°C.  lne  results  of  the  investigation  of 
dielectric  relaxation  (fig-  1 ^ o >  snow  that  relaxing  the  nodes  of 
physical  three-dimensional  grid  at  frequency  10  Hz  occurs  at  40-50°C 
(curve  2)  for  it  is  polyurethane  on  the  basis  siaple  PEr  45-75°C 
(curve  3)  for  is  polyurethane  on  tue  basis  coaplex  PE  and  it  is  not 
developed  for  polyurethane  rubner  (curve  1) . 
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“fable  63.  The  values  of  tne  energy  of  activation  (kcal/aole)  it  is 
polyurethane. 
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Key:  (1).  polyurethane.  (2).  action  of  groups.  (3).  motion  of 
segments.  (4)/  process,  (5).  runner.  (6).  on  basis  of  simple.  (7). 
basis  of  complex. 


Note.  The  energy  of  the  activation  of  the  motion  of  nodes  for 
polyurethane  on  the  basis  of  polyester  is  equal  to  4.3  kcal/aole. 

Page  211. 


For  polyurethane  rubber  taxe  the  place  two  processes  of  the 
dielectric  relaxation:  dipole-  segmental  at  -20°C  and  dipole-  group 
at  -95°C.  It  is  known  that  the  region  of  relaxing  of  segments  and 
chains  (a-absorptioa)  for  it  is  polyurethane  it  is  observed 
approximately  at  -40°C  £150,  ii4,  i35].  Opon  transfer  from 
polyether/polyester  to  the  appropriate  polyurethane,  occurs  the 
displacement  of  dielectric  relaxation  to  the  side  of  positive 
temperatures  (in  this  case  of  -20°C) .  Analogously  for  the 


on 
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spin-lattice  relaxation  cf  polyurethane  rubber  (see  Pig.  125,  curve 
I)  displacement  composes  J1°.  tor  those  cross-linked  it  is 
polyurethane  also  it  occurs  toe  displacement  cf  the  spin-lattice 
relaxation  of  segments  to  tae  side  of  high  temperatures  in  comparison 
with  transition  for  poly etuet/pcly esters r  but  this  displacement 
considerably  does  not  exceed  the  temperature  of  the  high-tea perature 
relaxation  process  of  adauct  (Tacle  64)  . 

Thus,  the  relaxation  or  segments  in  polyurethane  is  developed  at 
the  temperatures,  which  exceed  tae  temperature  range  of  relaxing 
corresponding  initial  pclyetner/polyesters,  but  it  does  not  exceed 
the  same  of  the  high-temperature  relaxation  process  of  adduct.  This 
is  bonded  with  the  decrease  or  mooility  as  a  result  of  the 
cross-linking  of  pliable  oligomeric  chains  by  the  rigid  associates  of 
adduct,  by  a  change  in  the  value  ot  kinetic  segment  and,  in  essence, 
with  the  formation  of  structural  physical  grid,  since  the  shift  of 
the  region  of  relaxation  for  is  poiyurethane  on  the  basis  complex  PE 
almost  three  times  more  tnan  smft  for  polyurethanes  on  the  basis  of 
simple  PE  (fable  64) . 

Examining  now  dielectric  relaxation  for  those  cross-linked  it  is 


polyurethane  (Pig.  126,  curve  2  and  3),  it  is  possible  to  say  that 
dipole-segmental  process  must  ue  revealed  _n  the  temperature  range  of 
higher  than  -40°C  at  the  tteguencies  of  below  100  Hz. 
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table  64.  Shift  of  the  minima  or  spin-lattice  relaxation  processes 
upon  transfer  from  pol yetner/poi/esters  to  the  appropriate 
polyurethane. 
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Key:  (1).  designation.  (2).  shift  with  respect  to 
polyether/polyester,  deg.  id)  .  smrt  with  respect  to  adduct,  deg. 

(4) .  simple.  (5) .  on  basis  or  simple.  (6) .  complex,  (7) .  on  basis  of 
complex. 


Page  212. 


Prom  the  results  of  the  investigation  of  a-  process,  it  is  evident 
that  for  polyurethane  rucoer  the  transition  is  observed  at  -95°C,  for 
is  polyurethane  on  the  basis  simple  PE  with  -120°C  and  for  is 
polyurethane  on  the  basis  complex  PE  with  -108°C.  Furthermore,  in  the 
cross-linked  poly  urethane  occurs  another  0-  process  (for  polyurethane 
on  the  basis  simple  PE  witu  -ob°C  and  for  polyurethane  on  the  basis 
of  complex  PE  with  -75°t),  wmcn  can  be  explained  by  the  motion  of 
kinetic  unity  (groups  or  atoms) ,  wnich  have  the  size/dimensicns  of 
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more  than  those  that  are  heavy-duty/critical  for  dipole-group  motion, 
but  are  less  than  the  sizd/aiaeasions  of  the  segments  of  chains. 

Thus,  if  for  polyurethane  runner,  as  for  the  other  linear 
noncrystallizing  polymers,  is  observed  only  twc  processes  of 
dielectric  relaxation,  tnea  in  the  cross-linked  polyurethane  their 
quantity  is  increased  because  of  the  presence  of  the  wider  spectrum 
of  kinetic  unity. 

From  Pig.  127  it  is  evident  that  the  slope/inclination  of 
dependence  |g  T(  -_■=  ^  [-i_j  pu  oeing  investigated  decreases  upon  transfer 
from  linear  to  the  cross-lin&ea  polyurethane  cn  the  basis  complex  PE. 
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The  decrease  of  the  energy  of  tne  activation  (see  Table  63)  can  be 
explained  by  expansion  ol  tne  spectrum  of  the  relaxation  times  of 
kinetic  unity  in  the  cress- linked  polyurethane  and,  therefore,  by  the 
decrease  of  the  energy  namer  of  activation.  Figure  128  depicts  also 
dependence  ig/(7I=(f. |J_ j  for  a-  process  of  dielectric  relaxation. 

Thus,  relaxation  behavior  it  rs  polyurethane  it  is 
really/actually  defined  by  both  ttie  flexibility  and  properties  of 
oligomeric  block  and  by  presence  of  the  rigid  units  and  of  the  nodes 
of  physical  grid.  This  typically  also  for  those  filled  it  is 
polyurethane. 

Dielectric  relaxation  in  polyurethane  is  investigated  also  for 
purpose  of  the  determination  of  the  character  cf  a  change  in 
inter  molecular  interactions  upon  transfer  from  polyether/polyesters 
to  polyurethane  and  the  determination  of  their  temperatures  of 
vitrification  [151].  Strictly  tne  mechanism  of  relaxation  processes 
the  authors  do  not  examine,  but  findings  will  give  the  foundation  for 
connecting  the  manifestation  or  tae  forces  of  intermolecular 
interactions  (physical  networx  points)  with  the  formation  of  the 
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bonds  between  polar  CO-groups  in  ester  polyurethane  and  with  the 
hydrogen  bonds  between  urethane  groups  for  was  polyurethane  on  the 
basis  polyethers. 

We  will  examine  the  relaxation  phenomena  in  the  polyurethane 
elastomers,  containing  pliaaie  units. 
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Fig.  129.  The  temperature  dependence  of  the  real  and  imaginary  parts 
of  the  complex  module/mcdulus  (d*  and  G")  and  of  the  mechanical 
losses  tg6  at  frequency  1  tiz  i or  polyurethane  on  the  basis  of 
1 , 4-buta  nediol. 

Key:  (1).  dyn/cm*. 

Page  215. 

However,  interest  are  o£  the  relaxation  properties  of  linear  ones  it 
is  polyurethane  on  the  casis  or  low-molecular  diols,  for  example  on 
the  basis  of  hexaaethylene  diisocyanate  and  1, 4-butanediol, 


1, 6-hexanediol,  1 ,  1 0-decanediol  and  2, 5-hexanediol  [  238].  The  data  of 
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the  dependences  of  mechanical  losses  and  nodule/moduli  6*  and  G"  on 
temperature  for  polyurethane  on  the  basis  of  1, h-butanediol  give  two 
region  of  relaxation  with  -1J5°C  (y-  maximum)  and  to  *U0°C  (main  or 
a-  maximum)  (Fig.  129).  Tne  first  is  caused  by  the  nobility  of 
CH 2 — group,  and  the  main  taing  corresponds  to  the  teaperature  of 
devitrification,  i. e.,  to  the  beginning  of  aicr o-Brownian  aobility  of 
chain  in  anorphous  zones. 


An  increase  in  the  losses  and  a  strong  itcidence/drop  in  the 
aodule/modulus  are  higher  tnan  1b0°C  bonded  with  Belting  of  the 
crystalline  regions  of  polymer.  The  temperature  dependences  of  losses 
for  it  is  polyurethane  the  oasis  of  different  diols  (tig,  130)  they 
indicate  the  shift  of  tne  teaperature  position  of  principal  maximum 
approximately  on  5°C  during  au  increase  in  the  length  of  chain  by  two 
carbon  atoas.  The  authors  treat  tneir  results  cn  the  basis  of  the 
presentation/concepts  or  hydrogen  oridges  in  the  amorphous  zones  of 
those  investigated  it  is  polyurethane,  which  act  as  cross 
connections. 
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Fig.  130.  The  temperature  dependence  of  the  mechanical  losses  tg6  for 
it  is  polyurethane  on  tue  oasis  of  hexa methylene  diisocyanate  and 
different  glycols:  1  -  1 ,4-outanediol;  2  -  2, 5-hexanediol;  3  - 
1, 6-hexanediol ;  4  -  1 , 10-uecaneuiol  (frequency  1  Hz). 

Page  216. 

In  this  case,  the  elongation  of  chain  decreases  a  number  of  hydrogen 
bonds  by  the  unit  of  lengtn  of  chain,  in  consequence  of  which 
grow/increases  the  flexibility  ana  is  changed  relaxation  behavior. 

Is  investigated  the  efrect  or  thermal  previous  history  on  the 
position  of  the  maximum  cr  losses  and  its  time/temporar y  dependence 
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with  constant  temperature  [zldj.  Tne  changes,  which  in  this  case 
occur,  were  bonded  with  crystallization,  that,  in  particular,  it  will 
sake  it  possible  to  examine  also  isothermal  crystallization  in  the 
terns  of  equation  of  Avraai  Iron  dependence  lg  tg5  on  tine. 


PLOW  PROPERTIES  OF  OLIGOMERS. 


Many  nost  important  properties  it  is  polyurethane  they  are 
determined  by  the  same  or  tne  oligomeric  units  (for  example,  see  data 
on  vitrification,  flexibility,  etc.) .  By  this  is  explained  interest 
in  the  study  of  oligomeric  systens.  The  significant  contribution  to 
understanding  of  behavici  is  polyurethane  we  can  introduce  the 
rheological  investigations  of  oligomers.  This  region  is  developed 
very  little.  In  this  section  we  will  attempt  to  show  the 
interrelation  between  tne  flow  properties  of  oligomers  and  properties 
it  is  polyurethane. 

Yu.  S.  Lipatov  and  coworxers  will  establish/install  for  the 
first  time  some  essential  anomalies  of  the  rheological  behavior  of 
oligomers  [66].  They  investigate  tne  flow  properties  of  some 
oligomeric  polyether/pclyesters,  wnich  were  being  used  for  the 
synthesis  of  polyurethane  elastomers.  As  objects  are  selected 
polytetrahydrof uraneoxy propy leuegylcols  with  a  molecular  weight  of  by 
1000  and  2000  (content  of  propylene  oxide  in  copolymer  20-25o/o)  and 
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polyesters  -  pol ydiethyleneg lyccladipate  with  molecular  weights  of 
790  and  2050,  and  also  polydietnyleneglycoladipinatetrimethylpropane 
(desaophen)  with  a  molecular  weight  of  2200.  Furthermore,  are  studied 
the  concentrated  solutions  or  the  oligomers  indicated  in  acetone 
(concentration  70,  80  and  90o/o).  The  ductility/toughness/viscosities 
of  oligomers  are  measured  in  tne  range  of  temperatures  of  20-60°C, 
and  their  solutions  -  at  20-JU°C  cn  rotational  viscometer  in  the 
range  of  shearing  rates  rrom  4*lo~*  to  1.5*10*  s~l  (Fig.  131). 

Analyzing  the  shape  of  the  curve  of 
ductility/toughness/visccsity ,  it  is  possible  to  establish  that  all 
systems  are  characterized  oy  tne  analogous  course  by  rheological 
curve,  on  which  it  is  pcssinie  to  separate  three  sections:  AB  -  the 
ascending  branch  of  anti-tmxotro^y  or  structuring,  BC  -  the  region 
of  the  decomposition  of  structure,  also,  in  certain  cases  -  branch  CD 
-  zone  of  flow  with  the  destroyed  structure  with  constant 
ductility/toughness/ viscosity .  Depending  on  the  type  of  oligomer  and 
temperature  of  experiment,  tne  individual  sections  of  curves  are 
expressed  less  or  more  clearly,  in  certain  cases  the  part  of  the 
sections  is  misaligned  according  to  the  scale  of  shear  stresses 
beyond  the  limits  of  the  investigated  region. 

The  discovered  anomalous  sn ape  of  the  curve  of 


ductility/toughness/ viscosity  is  explained  as  follows 
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In  section  AB  under  the  actioa/eriect  of  the  shift  voltage/stresses 
of  the  molecule  of  oligcser,  they  are  oriented  relative  to  each  other 
and  as  a  result  of  str  engtuemng  or  the  reaction  of  the  oriented 
molecules,  appears  the  determinate  structure.  This  process  is 
analogous  examined  in  [6^,  214,  y]  and  can  be  named 
anti- thixotropy .  During  turther  increase  in  the  shear  stress, 
beginning  with  critical  value  PKpt  occurs  the  decomposition  of 
structure  (section  BC)  and  then  is  realized  the  flow  of  completely 
destroyed  structure  (section  CD) ,  which  in  certain  cases  possesses 
greater  ductility/toughness/viscosity  than  reference  system  at  point 


Consequently,  with  small  suear  stresses  cliqomers  develop  the 
anomalous  ductility/toughness/ viscosity  in  the  field  cf  transverse 
gradient,  which  reminds  au  increase  in  the  effective 
ductility/toughness/viscosity  witn  the  superposition  of  shift  and 
longitudinal  flow  [66]. 


Fig.  131.  Rheological  curves  of  poiydiethyleneglycoladipate  (aol. 
weight  790)  . 

Page  218. 


The  analysis  of  other  analogous  curves  shows  that  the  effects  of 
viscosity  abnormality  are  expresses  more  sharply  for  the  oligcners  of 
smaller  molecular  weight.  This,  possibly,  it  is  bonded  with  the 
increased  hardness  and  the  greater  nobility  of  more  short  chains.  Por 
low-molecular  systems  structure  formation  occurs  in  proportion  to  an 
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increase  in  the  temperature,  oeginuing  with  higher  shear  stresses,  as 
one  would  expect,  taking  into  account  the  thermal  agitation  of 
molecules,  but  the  decomposition  oi  structure  begins  at  higher  values 
PK p  (for  example,  in  Fig.  131  at  2U  and  30°  branch  AB  is  not 
developed,  but  there  is  only  section  BCD). 

In  system  with  large  molecular  weight,  branch  AB  appears  already 
at  room  temperature.  A  change  in  molecular  weight  of  oligomer  leads 
to  a  change  in  the  dependence  on  temperature.  For  a  low-molecular 

oligomer  PKP  it  increases  with  an  increase  in  the  temperature,  while 
for  higher-molecular  -  it  tails.  Similar  pattern  is  observed  for  two 
polyesters  of  different  molecular  weights.  Finally,  for  the  branched 
oligomer  -  desmophen  -  a  temperature  rise  leads  to  decrease  P„p. 

Such  changes  PKp  with  temperature  can  be  bonded  with  differences 
in  orientation  and  flexibility  oi  small  and  large  molecules  cf 
oligomers.  It  is  completely  ptocame  that  in  the  first  case  occur 
only  effects  of  orientation,  wnereas  for  higher-molecular 
specimen/samples  have  already  neen  developed  and  deformation  [149], 

Let  us  pause  now  at  tne  ductnity/toughness/viscosity  of  the 
concentrated  acetone  solutions  or  oligomers  (Jig.  132).  In  the  more 
concentrated  solutions  or  viscosity  abnormality,  they  are  retained, 
while  a  reduction  in  the  concentration  or  an  increase  in  the 
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teape  tature  leads  to  then:  degeneration  (up  to  transition  to 
Newtonian  flow).  For  the  my  ner-moxeculat  specimen/samples  of 
viscosity  abnormality,  they  ace  retained  during  high  dilution. 


It  is  obvious,  viscosity  abnormalities  are  bonded  not  simply 
with  the  orientation  cf  molecules  in  flow,  but  also  with  the 
associated  strengthening  or  tne  reaction  between  them.  Findings 
cannot  be  explained  by  tne  unwinding  of  chains  in  the  field  of 
longitudinal  gradient,  as  this  is  observed  in  [62,  219],  because  the 
possibilities  of  changing  tne  conformations  in  the  molecules  cf 
oligomers  are  considerably  cess  tnan  in  high-mclecular  polymers. 
Furthermore,  if  anomalies  were  loaned  with  the  deformation  of 
oligomeric  molecules,  tney  oriynter  were  expressed  for 
higher- molecular  specimen/sauipies. 


These  results  indicate  tne  need  for  the  account  the  anomalies  of 
the  flow  properties  of  oligomers  with  processing/ treatment  and 
synthesis  of  polymers.  From  tne*  it  also  follows  that  intermolecular 
interactions  between  oligomeric  units  exert  a  substantial  influence 
on  the  properties  of  the  poxymcLS,  obtained  on  their  tasis.  It  is 
possible,  this  will  make  it  possible  explain  some  properties  it  is 
polyurethane,  for  which  usually  arc  considered  only  intermolecular 
interactions,  determineu  Dy  the  rormation  of  hydrogen  bonds. 
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It  is  until  recently  cousiuered  that  the  highly  elastic 
deformation  was  inherent  only  in  nigh-molecular  polymers,  and  high 
elasticity  is  considereu  as  one  or  the  signs  cf  polymers.  The  low 
molecular  polymers,  whicn  are  located  under  normal  conditions  in 
viscous  flow  state,  do  not  ueveiop  the  specific  properties  of 
polymers  and  on  the  basis  of  tais  sign  they  are  separate/liberated 
into  the  group  of  oligomeric  compounds.  Their  molecular  weight 
usually  is  within  the  limits  of  molecular  weights  of  the  mechanical 
segments  of  macromolecules. 

Is  investigated  in  detail  tne  deformation  behavior  of  such 
oligomer  whose  molecular  weigut  coincides  or  close  to  values  not  of 
the  mechanical  segment  or  poiymer  p146].  As  objects  are  selected  two 
specimen/samples  of  the  polyesters;  linear  polyether/polyester  on  the 
basis  of  adipic  acid  and  dietnyiene  glycol  with  a  molecular  weight  of 
approximately  2000  (1)  and  brancnea  pol y ether/polyester  of  the  type 
desmophen  with  molecular  weigat  approximately  2500  (2). 
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Fig.  132.  Rheological  curves  or  toe  concentrated  acetone  solutions  of 
polyd iethyleneglycoladi pate  {mol.  weight  2050). 


Page  220. 


The  deformation  behavior  or  tae  oligomers  indicated  is  studied 
according  to  the  method,  cased  on  Kinetics  of  the  development  of  the 
deformation  of  infinite  shirt/snear  in  the  narrow  gap  of  coaxial 
cylinders  [111].  Investigation  is  reduced  tc  obtaining  of  family  of 
curves  r  =  <f>  (t),.  at  shear  stresses  J. 6-43.  8  dyn/cm2  and  temperatures  of 
20-70°C  {Fig.  133). 
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Curves  1,  2  (Fig.  133a,  bj  correspond  the  conditions  for 
explicit  plastic  flow  with  tne  low  section,  which  corresponds  to 
elastic  deformation  and  with  the  significant  pcrtion/f raction  of 
residual  deformation  after  the  removal  of  load  at  point  P=0. 

In  proportion  to  growth  P  (curves  3,  4;  Fig.  133a,  b)  is 
observed  an  increase  in  the  portion/fraction  of  elastic  deformation 
with  the  degeneration  of  straigut  portion  by  curve,  that  corresponds 
to  plastic  flow,  i.e.,  the  phenomenon,  contradictory  what  occurs  in 
dispersal  systems  and  structured  liquids  [111,  11*Z]- 

Hith  an  increase  in  tne  temperature  to  50  and  60°C,  system  loses 
yield  despite  all  the  assigned  conditions  of  deformation,  and  curves 
t  <p  (x)r  correspond  to  the  deformation  model  of  the  outline/contour 
of  Kelvin  (  Pi  <j.  13  3c). 

From  rheograms  for  oligomer  1  (Fig.  134)  it  is  evident  that  with 


shear  stresses  21.9-36.5  dyn/cm*  tne  given  curves  are  analogous  by 
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Pig.  133.  Dependence  of  kinetics  oi  the  development  of  shearing 
strain  for  complex  linear  jjoxyetaet/polyester  with  different  shear 
stresses  (dyn/cm*)  : 

a  —  t  =■  20  C.  /  -  3.SS:  !  -  7.30;  3  -  10.95;  4  -  14.60;  6  -  I  =  40"  C.  I  -  :«.< 

—  5.11.  3  —  7. JO;  4  —  14. oO;  e  -  t  =  60=  C,  /  —  7,30;  2  —  14. 60;  3  -  29,20;  4  - -H  f  . 


Key:  (1)  .  iin 
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Pig.  134.  Dependence  of  kinetics  of  development  of  shearing  strain 
for  complex  branched  polyetner/polyester  at  temperature  of  20°c  and 
with  different  shear  stresses  (dyu/cm*) : 

/  —  21.90:  2  —  29.20:  3  —  36,50  ;  4  —  48,80;  5  —  51.10. 


Key:  (1)  .  min 
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Pig.  135.  Dependence  of  JtmetJ.es  of  the  develcpaent  of  shearing 
strain  for  polyether/polyester  1  with  P=7.30  (a)  and  14.60  (b) 
dyn/ca*,  5  h  and  different  teaperatures: 

/  _  20;  7  —  30;  3  —  50;  4  —  I  =  60°  C. 

Key:  (1)  .  min. 

Page  222. 

However,  during  an  increase  in  tne  shear  stress  to  43.8  dyn/cn2, 
occurs  brittle  break  in  contrast  to  linear  pclyether/polyester,  for 
which  with  increase  of  p  was  increased  the  portion/fraction  of 
elastic  deforaation  (curves  3,  4  Pig.  133).  With  an  increase  in  the 
teaperature,  the  strength  or  structure  decreases  and  it  disintegrates 
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respectively  at  the  smaller  values  of  shear  stresses  as  this  shown 
below : 

T.  K  20  30  40  50  70 

Pp  43,8  36,5  29,2  21,9  14,6 

For  the  developaent/detection  of  the  structural  units,  which  are 
determining  the  deformation  ceuavior  of  the  systems  indicated,  is 
determined  the  effect  cn  the  elastic  properties  of  the  latter  of  the 
stress  level  of  shift/shear,  temperature  and  heating  time. 

It  is  shown,  that  in  tae  range  of  temperatures  of  20-50°C  for 
specinen/sample  1  the  elastic  derorma tion  decreases  with  an  increase 
in  the  temperature  and  respectively  is  increased  elasticity  modulus 
under  the  condition  of  taxing  of  rheogram  for  3-4  h  after  the 
establishment  of  the  reguiced  temperature  (Fig.  135).  In  this  case, 
the  equilibrium  modulus,  calculated  as  £—  — ,  is  not  invariant  at 
different  values  of  P,  i.e.,  it  is  not  the  constant  of  the 
time/tenporary  elasticity  or  system. 

The  dependence  of  eguiliunua  modulus  E  cn  P  (Fig.  136)  was 

calculated  from  with  experimental  curved  e  =  cp  (t)P,  taken  at  the 

temperatures  indicated  and  snear  stresses.  From  curve  t  --=  <f  (it,  of 

emergence  and  decrease  in  tae  deformation  (Fig.  137),  obtained  the 

method  of  fractional  loads  -  uuioadings  it  is  apparent  that  both  the 

direct/straight  and  back  stroke  ny  this  curve  it  is  nonuniform  for 

the  eqeal  portion/fractions  oi  load,  which  will  agree  with  the  data 
on  the  dependence  of  elasticity  modulus  on  shear  stress. 
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Fig.  136.  Dependence  of  the  equilibrium  modulus  on  shear  stress  for 
polyether/polyester  1  at  ten  features  20  (1),  30  (2),  50  (3),  60°C 
(4)  for  unsteady  state  and  bO°C  45)  after  the  achievement  of 
equilibrium. 

Key:  (1) .  dyn/cm*. 

Page  223. 

Temperature  of  50°C  can  ie  counted  for  this  cligomer  of  critical, 
since  with  its  further  increase  (to  60°C)  elasticity  modulus  does  not 
increase,  the  strain  susceptibility  of  system  sharply  is  increased 
(see  Pig.  135b,  curve  4),  but  the  equilibrium  modulus  becomes 
invariant  with  different  snear  stresses  (Fig.  136,  curve  4) . 


The  described  state  not  is  stable,  and  the  prolonged  holding  of 
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system  at  the  assigned  temperature  is  acconpanied  by  a  change  in  the 
strain  susceptibility  of  system  with  the  achievement  of  the  state  of 
equilibrium  through  the  speciric  time  interval  (Fig.  138) . 


! 


i 
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Pig.  137.  Dependence  of  nineties  of  the  development  of  shearing 
strain  for  polyether/pclyester  1  under  the  condition  of  fractional 
loads  (Pt=14.  6  dyn/ca2)  at  teapecature  of  50°C  for  unsteady  state. 

Key:  (1) .  ain. 


Fig.  178.  Change  of  strain  susceptibility  of  polyether/polyester  1  in 
equilibrium  establishment  with  50°C  and  p=14.60  dyn/cm2:  1  -  heating 

time  to  150  h;  2  -  heating  tiae  ace  more  than  200  h. 

Key:  (1).  sin. 
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Table  65  depicts  the  appropriate  values  of  equilibrium  modulus 
E,  calculated  from  curves  e  v  with  different  shear  stresses 
(from  7.3  to  43.8  dyn/cm*)  ana  of  time  of  heating  (from  30  to  400  h) 
for  temperature  of  50°C. 

The  temperature  dependence  of  kinetics  of  the  development  of 
shearing  strain  (Fig.  139)  was  investigated  also  under  conditions  of 
achieving  the  state  of  eguilicrium  at  each  assigned  temperature,  in 
contrast  to  data  of  Fig.  135,  wnere  curves  e  =  q>  (t)/>  were 
remove/taken  immediately  after  the  establishment  of  the  corresponding 
temperature. 

Thus,  the  investigation  or  the  elastic  properties  of  the  viscous 
flow  oligomer  made  it  possible  to  establish  that  the  oligomeric 
liquids  are  thixotropic-structured  systems,  in  which  is  possible  the 
development  of  the  elastic  reversible  deformations.  These  data  and 
results  of  studying  the  properties  of  the  moncmolecular  layers  of 
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oligoaers  [140]  and  of  properties  of  dilute  solutions  [97]  Bake  it 
possible  to  consider  that  tne  oiigoneric  molecules  possess  their  own 
flexibility  and  capacity  and  to  changes  in  the  form  under  the 
action/effect  of  voltage/stresses. 

The  dependence  of  the  value  of  tnodule/modulus  from  the 
voltage/stress  (see  Fig.  Ufa)  can  oe  interpreted  as  the  result  of 
existence  in  the  oligomer  or  rluctuation  amorphous  grid/network  with 
the  intermittent  contacts,  caused  ny  the  presence  of  unitary  or 
multiple  van  der  Waals  reactions  j.144],  An  incidence/drop  of  modulus 
with  an  increase  in  the  voltage/stress  is  typical  for  the  structured 
systems  and  it  is  bonded  wita  tne  thixotropic  decomposition  of 
fluctuation  grid  under  the  action  of  shear  stresses. 

At  temperature  of  o0°G  or  under  conditions  of  prolonged  holding 
at  the  lower  temperatures  vuen  maximally  disintegrate  or  are  loosened 
fluctuation  structures,  to  tne  foreground  project/emerge  the 
deformation  properties  of  the  pliable  molecules  of  oligomer,  which  is 
developed  in  distinct  emergence  ana  subsequent  decrease  after  to 
unloading  elastic  time/temporary  strain.  In  this  case  the  viscous 
flow  polyether/polyester  according  to  the  flow  properties  is 
such/similar  to  the  stagnant  speciuien/sa  mple  of  the  elastomer, 
deformed  by  the  loads,  uot  calling  plastic  flow  of  specimen/sample. 


i 
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Dependence  of  shear  modulus  on  voltage/stress. 


1 

x.  *  j 

|  ^  £  (dun  cm*)  np«  HanpHHteHHHK.  dun, cm* 

7.3 

|  14.* 

1 

|  Vi.5 

|  43,8 

.30 

610 

810 

1 

60 

6090 

2030 

277 

320 

259,0 

80 

— 

2440 

286 

289 

— 

150 

_ 

2440 

216 

_ 

159,0 

200 

47,2 

68.0 

129 

_ 

135.0 

moo 

j  58.6 

95.2 

103 

87 

97.5 

Key:  (1)  .  E  (dyn/cm*)  with  voltaye/stresses,  dyn/cm*. 
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However,  oligomers  have  other  specific  properties,  which  are  of 
great  interest  for  und erstandiug  ot  structure  it  is  polyurethane. 

During  the  analysis  ot  the  viscoelastic  behavior  of  100-30o/o 
solutions  of  desmophen,  were  onserved  the  sane  effects,  as  for 
pure/clean  oligomers.  Elastic  properties  completely  disappeared  only 
with  the  concentration  ct  solution  of  less  than  30o/o.  Consequently, 
the  elastic  properties  cr  oligomers  and  their  capability  for  the 
formation  of  grid  are  developed  also  in  solutions.  This  indicates  the 
new  type  of  the  structure-forming  systems  to  by  short  polymeric 
molecules,  the  occupying  tue  intermediate  position  between  by 
concentrated  solutions  and  jellies  polymers,  on  one  hand,  and  capable 
of  structurization  by  colloid  solutions  of  low-molecular  substances. 
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on  the  other  hand.  The  existence  or  such  structures  in  oligomers  it 
is  very  importantly  for  understanding  of  properties  polyurethane  on 
their  basis. 

It  is  necessary,  however,  to  keep  in  mind  that  in  low-molecular 
systems  the  effects  of  inter  molecular  interaction  are  caused  also  by 
the  presence  of  polar  end  groups,  moreover  this  factor  will  manifest 
itself  greater,  the  lower  molecular  weight  of  oligomer,  which  follows 
from  the  thermodynamic  analyses  of  the  solutions  of  the  properties  of 
monomolecular  layers  [  140,  17lj. 
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Pig.  139.  The  dependence  of  Kinetics  of  the  development  of  shearing 
strain  for  polyether/pclyester  1  at  different  temperatures  fcr  the 
state  of  equilibrium:  1  -  30;  2  -  50;  3  -  60;  4  -  70°C. 

Key:  (1)  .  min. 

Page  226. 

It  is  establish/instaiied,  that  between  the  molecules  of 
oligomers  there  are  signiticant  conesive  forces  and  that  during  the 
compression  of  the  mon omciecuiar  layers  of  oligcmers  occur  the 
-r  >-*****,  *tonlp1  with  t  lie  tie*  ini  lit  y  of  oligomeric  chains  and  the 
•  •  •  **  '•  ****  *  j  ir-iateo  ot  ctijomer  molecules  [140],  The 

~  •  •  ••  ci'..  ,u  uv  joint  ions  of  polyethylene  glycols  are 
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described  in  works  (168,  20b]. 

Findings  indicate  the  need  tor  the  account  the  anomalies  of  the 
flow  properties  of  oligomers  during  processing/treatment  and 
obtaining  of  them  of  polymeric  materials.  As  the  interesting 
illustration  of  this  position  can  serve  following  phenomenon  [118]. 
The  effect  of  anti-t hixctropy  was  used  during  obtaining  of 
three-dimensional  grids  in  tne  course  of  their  synthesis  under 
conditions  of  act/ef f ecting  the  snift  voltage/stresses  for  80-120°C. 
Three-dimensional  and  linear  polyurethane  are  obtained  on  the  basis 
of  diethyleneglycoladi pate  and  polyfurite  directly  in 
rheoviscosimeter  with  the  rotation  of  jacket  prior  to  the  beginning 
of  gel  formation  and  at  shearing  rates  0.07  and  0.04  s'*.  Figure  140 
gives  the  curve  of  the  dependence  of  ductilit y/toughness/viscosit y  on 
the  shearing  rate  for  blocked  maero-diisocyanate,  on  the  basis  of 
which  are  selected  those  shearing  rates,  by  which  is  observed  the 
increase  of  ductilit y/toughness/viscosit y.  Table  66  gives  data  on  the 
mechanical  properties  of  those  ootained  it  is  polyurethane  whose 
three-dimensional/space  grid  is  formed  by  chemical  and  physical 
bonds,  and  also  for  a  comparison  tne  data  on  the  properties  of  the 
sane  system,  synthesized  under  normal  conditions. 
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Fig.  140.  Dependence  of  the  ductility/toughness/viscosity  of  model 
system  on  the  velocity  gradient. 

Key:  (1)  .  s~» . 

Page  227. 

As  is  evident,  is  observed  the  significant  anisotropy  of  mechanical 
properties  in  flow  direction  and  it  is  perpendicular  to  it.  This 
anisotropy  is  not  developed,  it  tae  synthesis  of  news  with  the  higher 
velocity  gradients,  which  correspond  to  the  descending  branch  to 
curved  Fig.  140.  This  indicates  tnat  as  a  result  of  the  orientation 
of  oligomeric  molecules  in  tae  field  of  shift  voltage/stresses 
shaping  of  cross  connections  (chemical  and  physical)  occurs 
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predominantly  in  the  direction,  perpendicular  to  the  axis  of  the 
molecule  where  the  probability  of  the  formation  of  such  bonds  is  more 
than  in  the  direction  cf  flow.  This  effect  leads  to  the  anisotropy  of 
the  obtained  grid. 

ADHESION  Of  POLYURETHANES  TO  RIGID  SURFACES. 

Polyurethane  widely  are  used  as  glues,  and  also  for  the  coating 
of  wood/tree,  metals,  paper,  clotos,  glass,  skin  [11,  55,  126,  171, 
180,  194,  199,  201,  248,  120-122,  136,  340].  Polyurethane  coatings 
possess  a  good  adhesion  to  different  surfaces,  light-  and  are 
resistent  to  atmosphere,  they  retain  well  gloss,  they  possess  good 
electrical  properties  and  low  gas  permeability,  and  it  is  also 
resistant  to  the  action/effect  or  solvents.  Glues  are  used  for  the 
cementing  of  glass,  wood/tree,  plastics,  rubbers,  polyethylene,  wool, 
fibers,  metals,  skin  [80,  221,  212,  241,  261,  277,  278,  288,  315, 
316]. 


In  connection  with  large  practical  application/use  it  is 
polyurethane  it  appears  tae  need  tor  the  investigation  of  the 
processes,  which  occur  with  the  formation  of  polyurethane  film  on 
surface,  effect  on  these  processes  of  nature  and  relationship/ratio 
of  the  components,  which  compose  coating,  temperatures,  presences  of 

the  additions  and  some  other  factors.  In  this  direction  known  only 
several  works,  which  concern  the  investigation  of  adhesion  are 

polyurethane  to  rigid  surface  [  113,  291,  292]. 
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"Cable  66.  Tensile  strength  ot  the  speciaen/saaples  of  polymers 
(kg/ca*)  ,  of  synthesized  in  field  shift  voltage/stresses. 
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76.0  t 
76.0- 

1  M0  t 
181,0  . 

20.7  * 

10.7  . 
177.0  • 
105.0- 

Note.  Rif leaan/pointer s  snowed  tne  direction  of  cuttings  of 
specinen/saaples  made  of  polymer  (-f*  along  the  axis  of  cylinders, 

-*>  along  flow)  . 

Key:  (1) .  Composition  ot  composition.  (2) .  Gradient  of  shearing  rate 
s~t.  (3).  oligodiethylenegiycoladrpinate-2050:  T-65:  cross-link.  (4). 
Oligof urite. 

Page  228. 

Is  studied  the  adhesion  of  polyurethane  coatings  on  the  basis 
polyethers  depending  on  tne  structure  of  latter  and  nature  of  the 
fillers,  introduced  into  trims,  by  the  method  of  the  breakaway  of 
fila  from  aluminum  base  at  angle  ot  180°,  but  sonetines  90°  for  the 
fila  of  different  thickness.  Tne  dependence  of  the  value  of  adhesion 
froa  thickness  was  straignt  lines  whose  slope/inclinations,  according 
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to  [292,  293],  were  bonded  with  tne  hardness  of  the  film  the  greater 
the  slope/inclination,  the  greater  the  hardness.  Extrapolation  of 
straight  lines  to  zero  thickness  gave  the  values,  which  were  the 
characteristics  of  the  adhesion  of  the  investigated  materials. 

For  studying  the  dependence  of  adhesion  on  the  structure  of 
polyol  used  it  is  obtained  riln  on  the  basis  of  polypropylene  glycol 
(series  P) ,  polyoxypropylene  derivative  of  trimethylol  propane 
(secies  TP)  and  polyoxypropylene  derivative  of  glycerin  (series  GP) . 
All  glycols  and  polyol  had  diirerent  molecular  weight.  Films  broke 
away  under  two  angles  with  speed  of  breakaway  0.25  ci/s. 

As  can  be  seen  from  Fig.  141,  the  greatest  adhesion  have 
coatings  on  the  basis  ct  polypropylene  glycol  P-410,  smallest  -  on 
basis  TP-740.  The  value  of  adaesion  is  more  with  breakaway  at  angle 
of  90°.  During  the  comparison  of  data  according  to  adhesion  and 
mechanical  characteristics,  it  turned  out  that  the  films  have  with 
high  adhesion  great  ultimate  elongation  and  the  smallest 
module/modulus  during  lOOo/o  elongation.  The  author  [292,  293]  comes 
to  the  conclusion  that  the  films  on  basis  P-410,  having  the  smallest 
hardness,  more  easily  are  adapted  to  rigid  surface  and  due  to  this 
adhesion  grow/increases.  The  applicat ion/use  of  the  branched  polyol 
leads  to  the  formation  of  grid  thicker  and,  therefore,  with  the 
greater  hardness  of  the  cuts  of  chains,  which  decreases  the  adhesion 
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(see  Pig.  141). 

The  utilization  of  stereoreguiar  poly propyleneglycol 
considerably  increases  adhesion  [293]  in  coaparison  with  the  atactic 
of  the  sane  aolecular  weight.  Season  can  be  the  tendency  of  isotactic 
polyners  to  be  crystallized  in  winding  structures. 
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Pig.  141.  Dependence  of  the  adnesion  of  polyacethane  filns  on  the 
nature  of  polyether/polyester  and  angle  of  the  breakaway: 

1—90°.  11-410:  2  —  180,  n-4 1 0:  3  -  90  . 

n - 4 1 0  :  TP-740,  4  -  U0«.  n  410  TP-740: 

S  -  90'-.  Tn-740.  6  -  1*0  .  Tn-740. 

Key:  (1).  Resistance  to  stratification,  2  on  1.58  cm. 


Page  229. 


In  this  case  polar  groups  can  ue  located  on  the  external  surfaces  of 
such  spirals  and  therefore  are  created  possibilities  for  forning  a 
larqe  quantity  of  wan  der  Waals  and  hydrogen  bonds  with  oxide  filw  on 
the  surface  of  aluainua. 

A  sinilar  effect  was  observed  for  pclynethyl  methacrylate  [222, 


1 


272].  The  polyol,  which  contain  fluorine,  decrease  adhesion,  in  spite 
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of  saall  differences  in  the  uardness  of  filas  on  the  basis  of  the 
fluorine- bearing  polyol  aiul  generally  accepted  polyol. 

Is  investigated  the  effect  of  the  nature  of  diisocyanate  on  the 
adhesion  of  coatings  on  tne  oasis  of  xy 1 ylenediisocyanate,  TDI  and 
diphenylaethanediisocyanate  |.29J]  an<*  is  establish/installed,  that 
coating  on  the  basis  of  diphenylmethane  diisocyanate,  in  spite  of 
their  high  hardness,  they  possess  the  greatest  adhesion  to  aluminum 
base.  Explanation  to  this  effect  toe  authors  do  not  give. 

The  investigation  of  the  dependence  of  adhesion  on  the 
relationship/ratio  of  NCO/OH — group  on  the  coatings,  obtained  on  the 
basis  of  polyol  TP-700  with  different  content  of  TDI  showed  f294] 
that  with  increase  of  the  reiationship/r atio  of  NCO/OH — group  the 
adhesion  decreases,  but  increases  wodule/modu lus  with  lOOo/o 
elongation  and  tensile  strength.  The  decrease  of  adhesion  with  an 
increase  in  relationship/ratio  NCO/OH  and,  consequently,  also  network 
density  it  is  joined  with  an  increase  in  the  hardness  of  polyurethane 
filw. 


On  the  other  hand,  it  is  reveal/detected  that  an  increase  in  the 


content  of  urethane  ones  and,  especially,  uric  groups  leads  to  an 
increase  in  the  adhesion,  m  spite  of  the  increase  of  the  density  of 
cross-linking . 


DOC 


79011112 


PAGE 


For  the  establishment  or  ettect  on  adhesion,  it  is  polyurethane 
both  of  factors  is  simultaneously  studied  the  adhesion  of  films  on 
the  basis  of  glycols  and  brancned  polyol  of  different  molecular 
weight.  An  increase  in  molecular  weight  poly-ode  gives  and  to  the 
decrease  of  the  maintenance  or  urethane  groups  and  network  density 
simultaneously.  The  same  dependence  is  obtained  for  glycols  (Fig. 

142)  and  branched  polycl.  According  to  [292],  in  this  case  an 
increase  of  the  adhesion  as  a  result  of  an  increase  in  the  content  of 
urethane  groups  is  consideranly  covered  with  its  lowering  because  of 
the  increase  of  the  hardness  of  all,  caused  by  an  increase  in  the 
density  of  cross-linking.  It  this  then,  then  adhesion  will  achieve 
maximum  value  with  some  average/aean  content  of  urethane  groups, 
which  ensures  the  optimal  elasticity  of  film. 

Daring  obtaining  or  poiyuretnane  coatings,  are  used  different  in 
their  nature  solvents. 
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Fig.  142.  The  effect  of  molecular  weight  of  glycol  on  the  adhesion:  1 
-  P-2010;  2  -  P-1310;  3  -  P-410. 


Key;  (1) .  Resistance  tc  stratification,  g  on  1.58  cm.  (2) .  Thickness, 
mm  0.254. 

Page  230. 


It  is  known  that  depending  on  the  themody namic  quality  of  the 
solvent  of  the  molecule  of  polymers  they  have  different  conformation 
in  solution.  The  degree  of  the  contacting  of  polymer  chain  with  rigid 
surface  depends  on  form  of  the  chain  and,  consequently,  also  the 
nature  of  solvent.  All  this  must  affect  the  value  of  the  adhesion  of 
polymer  network,  in  this  case  of  polyurethane,  to  rigid  surface. 
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The  effect  of  the  solvent,  utilized  for  obtaining  the  varnish, 
on  adhesion  is  investigated  in  work  [  293  ],  Polyurethane  coatings  were 
obtained  on  the  basis  cl  polypropylene  glycol,  trimethylol  propane 
and  TDI.  As  can  be  seen  Iron  tne  dependence  of  the  value  of  adhesion 
fro*  the  nature  of  the  solvent  (Fig.  143)  used,  the  qreatest  adhesion 
possess  the  films,  obtained  with  tne  utilization  of  cyclohexanone, 
smallest  -  with  the  ap Flicat ion/use  of  xylene.  The  author  joins  this 
with  a  change  in  the  energy  density  of  the  cohesion  of  solvent.  But 
for  cyclohexanone,  dioxane  and  acetone  the  energy  density  of  cohesion 
is  identical,  but  adhesion  is  uitlerent,  consequently,  this 
explanation  is  unacceptable. 

One  of  the  reasons  lor  tne  dependence  of  adhesion  on  the  nature 
of  solvent,  according  to  £2JiJ,  diiferent  rate  of  evaporation  of 
solvent  during  the  solidification  of  coating.  It  seems  to  us  by  most 
correct  this  explanation  the  eltect  of  the  nature  of  solvent  on 
adhesion,  which  considers  tne  dependence  of  chain  conformation  on  the 


nature  of  solvent 
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Fig.  143.  The  dependence  or  adnesion  on  the  nature  of  the  solvent:  1 
-  cyclohexanone;  2  -  dioxane;  i  -  acetone;  4  -  chloroform;  5  - 
benzene;  6  -  xylene. 

Key;  (1).  Resistance  tc  stratification,  g  on  1.58  ca.  (2).  Thickness, 
an  *0.254. 

Page  231. 


It  is  known  that  in  a  good  solvent  the  polymer  chains  are  aore 
unwound  and,  therefore,  is  providau  to  greater  degree  their  contact 
with  surface.  After  the  vaporization  of  solvent,  one  should  expect 
large  adhesion.  In  the  poor  solvents  (chloroform,  xylene  and  benzene) 
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of  molecule,  they  are  displaced,  wnich  impedes  their  contact  with 
surface  and  decreases  the  adhesion. 

During  the  analysis  oi  the  adhesion  of  polyurethane  coatings 
there  is  a  definite  interest  in  tne  dependence  of  adhesion  on  nature 
and  concentration  of  fillers  and  addition,  introduced  into  films  is 
polyurethane.  Study  of  the  elfect  of  some  fillers  for  the  adhesion  of 
polyurethane  coatings  to  alumiuua  p292]  showed  that  the  introduction 
to  dioxide  of  titanium  decreases  tne  adhesion  of  coatings  by  basis 
POPG-1300,  pol yoxypropyleue  derived  trimethylcl  propane  and  TDI  to 
15o/o,  but  talc  -  to  40o/o.  The  dependence  of  the  value  of  the 
adhesion  of  film  on  basis  P-2010,  IP-  1540  and  TDTs  from  the  nature  of 
other  fillers  is  represented  in  Fig.  144,  from  which  is  evident  slope 
deviation  of  the  direct  dependence  of  adhesion  on  the  thickness  of 
film.  The  author  explains  tms  oy  the  fact  that  the  film  becomes 
harder  with  the  introduction  of  the  filler  on  nature  of  which  depends 
the  slope/inclination.  Introduction  ZnO  and  CaC03  leads  to  an 
increase  in  the  adhesion  in  contrast  to  Ti02  and  of  talc.  An  increase 
in  the  adhesion  was  observed  also  with  an  increase  in  the  adhesion 
not  symbatically  with  an  increase  m  the  concentration  of  such 
fillers  as  Pe202  and  Cat03  (Fig.  145).  A  maximum  increase  in  the 
adhesion  is  observed  with  tne  optimal  content  of  filler.  For  Fe203 
and  CaC03  this  value  is  15  vol.o/o.  An  increase  in  the  content  of 
oxide  of  chromium  in  film  leads  to  monotonic  lowering  in  the 
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adhesion. 

The  effect  of  fillers  on  cue  value  of  adhesion  according  to 
f 29 2 1  depends  on  the  particle  snaps  of  the  filler.  The  author  also 
assumes  that  the  fillers  are  capable  of  changing  the  wettability  of 
polyurethane  coatings  with  respect  to  metal,  although  no  experimental 
data  on  this  question  are  given. 
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Fig.  144.  The  dependence  or  adaesron  on  the  nature  of  the  fillers:  1 
-  ZnO;  2  -  CaC03;  3  -  Cato3  cubic  form;  4  -  TiC)*;  5  -  BaS04 ;  6  - 
without  filler. 

Key:  (1).  Resistance  to  stratification,  g  on  1.58  cn.  (2).  Thickness, 
■■•0.224. 

Page  232. 

The  affect  of  fillers  on  adaesion  in  this  case  can  be  explained,  on 
the  basis  of  different  reaction  of  fillers  with  polymer  chains  or,  it 
is  wore  accurate,  with  the  cuts  of  the  polymer  chains  between  nodes. 
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the  which  changes  structure  polymer.  Furthermore,  it  is  necessary  to 
consider  the  effect  of  different  nature  of  fillers  on  the  course  of 
reactions  during  the  formation  of  polyurethane  coatings,  which  also 
is  reflected  in  the  structure  of  film  and,  consequently,  also  in  its 
adhesion  to  base.  Works  in  this  direction,  unfortunately,  were  not 
conducted. 

The  adhesion  it  is  polyurethane  it  affects  the  structure  of 
aetallic  base  f154],  in  particular  the  state  of  crystalline  structure 
of  copper.  The  study  of  tne  adhesion  of  polyurethane  coatings 
(varnish  OR-930  and  varnish  on  the  basis  of  adduct  KT)  to  the 
surfaces  of  the  cold-rolled  and  electrolytic  copper  foil  showed  that 
the  adhesion  to  the  cold-rolled  foil  is  much  higher  than  to 
electrolytic. 

Roentgenographic  investigation  of  both  of  forms  of  the  copper 
foil  showed  difference  in  the  state  of  crystal  structure  of  copper. 
This,  possibly,  and  conditioned  sharp  difference  in  adhesion  was 
polyurethane  to  the  surrace  of  the  cold-rolled  and  electrolytic 
copper  foil. 

As  is  known,  polyurethane  compositions  are  used  as  glues.  The 
strength  of  cementing  affect  the  same  factors,  as  for  the  adhesion  of 
polyurethane  coatings:  the  nature  of  polyether/polyester. 
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poly-isocyanate,  etc.  lu  work  [ JOd J  is  explained  the  effect  of 
hydroxyal  number  of  polyetner/polyester  and  the  addition  of  different 
joints  on  the  strength  or  jiurug  of  duralumin  of  polyurethane 
coaposition  on  the  basis  ot  "Desmodur  TN" 

(2.4-TDl>trinethylolpropauej  and  ,•desmophen-800,,.  showed  that  with 
the  decrease  of  the  hydroxyl  numoer  of  "Desmophen-BOO"  is  increased 
the  strength  of  cementing,  which  rs  characterized  by  the  value  of 
shearing  strength. 

Introduction  to  the  polyurethane  coaposition  of  different 
additions  led  both  to  an  increase  and  to  the  decrease  of  shearing 
strength  in  dependence  on  the  nature  of  addition.  So,  the  addition  of 
aliphatic  glycols  considerably  decreased  the  shearing  strength. 
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Fig.  145.  The  effect  of  content  Fe203  on  adhesion  it  is  polyurethane. 

Key:  (1).  Resistance  to  scaling,  g  to  5/8  inches  with  zero  thickness. 

Page  233. 

Inverse  effect  is  reached  during  the  addition  to  polyurethane  of 
■ono-  and  dioxybenzene,  diuethy lnydroxybenzene  and  especially  methyl 
and  phenyl-substituted  of  etnox ysilane.  The  influence  of  additions  on 
the  strength  of  cementing  tue  authors  explain  by  the  catalytic  action 
of  some  of  them. 

The  study  of  the  dependence  ot  the  strength  of  the  cementing  of 
duralumin  by  polyurethane  on  temperature  showed  that  with  an  increase 
in  the  temperature,  at  wmcn  is  conducted  the  cementing,  is  increased 
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shearing  strength,  reaching  the  maximum  value  with  130°C.  The 
investigated  bonds  are  unstable  to  the  action/effect  of  aany  organic 
solvents  and  water.  So,  in  acetone  the  strength  of  bond  falls  on  100, 
in  benzene  -  to  70,  m-cresole  and  water  -  to  60,  also,  in  gasoline  - 
to  7o/o.  These  results  are  contradictory  to  the  data,  which  relate  to 
the  adhesive  strength  cl  expanded  polyurethane  to  the  aetals  and  its 
dependence  on  temperature  and  action/effect  of  water  [133]. 

Thus,  application/use  of  polyurethane  compositions  as  coatings 
and  glues  gives  good  results  and  depends  on  a  number  of  factors. 
Primary  meaning  has  a  presence  of  polar  urethane  groups.  This 
conclusion/derivation  asserts  itself  in  the  examination  of  the 
investigations,  which  concern  an  improvement  in  the  adhesion  cf 
synthetic  and  natural  rubbers  to  metal  and  wood  during  the  addition 
to  them  of  isocyanates  [253 J.  Good  results  are  obtained  during  the 
treatment  of  the  cemented  object/subjects  (frcm  metal  and  wood) 
triisocyanate  and  by  the  subseguent  deposition  of  glue  from  rubber. 
The  adhesion  of  some  polymers  to  different  surfaces  is  improved  with 
their  nixing  with  poly-isocyanates  [251,  299,  309],  especially  with 
the  optimal  inpurity/admixture  of  triisocyanate.  It  is  obvious, 
isocyanate  groups  in  a  small  quantity  form  the  insufficient 
concentration  of  the  bonds  between  surface  and  glue,  but,  on  the 
other  hand,  the  application/use  or  large  quantities  of  isocyanate 
hardens  composition,  decreases  the  flexibility  of  polymer  chains  and 
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thereby  impairs  the  adaptability  or  the  latter  to  rigid  surface. 
Therefore  the  best  results  on  adnesion  will  be  always  observed  with 
some  optiaal  content  of  isocyanate,  used  as  iapurity/adaixture  to 
other  glues  [253  ]  and  polyurethane  coaposit ions . 

Survey/coverage  of  works  on  the  adhesion  of  polyurethane 
coatings  and  glues  bears  surrace  cnaracter.  In  the  examination  of  the 
effect  of  components  ( polyetuer/polyester,  diisocyanate, 
concentration  of  different  groups)  on  adhesion  not  in  one  case  was 
studied  the  effect  of  tnese  components  to  structure  was  polyurethane. 
Meanwhile  the  structure  or  three-dimensional  grid,  which  appears 
during  solidification  it  is  polyurethane  on  rigid  surface  and  defined 
as  by  the  nature  of  components  it  is  polyurethane,  so  also  nature  of 
the  rigid  surface,  on  which  occurs  the  formation  of  coating,  it  is 
the  basic  factor,  which  are  determining  adhesion.  Therefore  during 
the  investigation  of  the  adhesion  of  polyurethane  coatings  to 
different  surfaces,  one  should  approach/fit  this  question  from  the 
point  of  view  of  the  dependence  ot  adhesion  on  the  structure  of 
three-dimensional  grid.  It  is,  nrst  of  all,  necessary  to  investigate 
the  effect  of  rigid  surrace  on  tue  structure  of  three-dimensional 
grid. 

Page  234. 
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Surface  has  noticeable  eftect  on  the  character  of  the  forming  grid  as 
a  result  of  the  fact  that  tne  cuts  of  the  chains  between  chemical 
network  points,  possessing  noticeable  flexibility,  are  capable  of 
being  adapted  to  surface  and  of  interacting  with  it.  In  this  case, 
are  formed  the  additional  physical  bonds  polymer  -  base  whose 
concentration  depends  on  nature  and  relationship/ratio  of  components. 

For  investigation  of  a  change  in  the  structure  of  grid,  it  is 
polyurethane  in  the  presence  of  rigid  surface  was  studied  the 
effective  density  of  films,  which  were  being  located  on  base,  and  the 
free  films,  obtained  under  the  analogous  conditions  of  solidification 
[67,  116].  As  the  subjects  of  investigation  served  polyurethane 
coatings  on  the  basis  of  tne  copolymer  tetrahydrofurane  with  25o/o  cf 
oxide  of  propylene  (TGF  -  Zbo/o  of  OP)  of  the  different  molecular 
weight  of  oligodiethyleneglycoiadipate  (ODA)  , 

oligodiethyleneglycolsebacate  (QDS) ,  and  also  of  silicon-bearing 
polyol.  As  isocyanate  component  were  taken  the  adduct  of  trimethylol 
propane  from  TDI  (adduct  1)  and  polyisocyanate  of  biuret  structure 
(adduct  2)  . 


Simplified  formulas  of  adducts  following: 
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Pree  filas  it  is  polyuretnane  they  are  obtained  by  casting  the 
coaposition  on  Teflon  or  grass,  pre-processed  so  as  to  bring  together 
the  adhesion  of  film  tc  surface  to  minimum.  For  determining  the 
network  density  in  the  presence  or  the  rigid  surface  of  coating,  they 
brought  in  to  aluminum  rorl  with  a  thickness  of  14  p.  The  value  of 
the  effective  density  or  cross-linaing  they  characterized  by  the 
value  of  average  molecular  weiynt  between  network  points  Mc- 


Are  obtained  dependences  Mc  of  free  filas  and  filas  on  the  base 
of  polyurethane  coatings  on  the  basis  of  TGF  -  25o/o  OP  on  molecular 
weight  of  initial  polyether/polyester  during  relationship/ratio 
NCO/Oft=3:1  (Fig.  146),  and  also  on  the  relaticnship/r atio  of 
NCO/OH — group  with  molecular  weight  of  polyether/polyester  indicated 
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above,  equal  to  1000  (Fig.  1u7)  . 

Paqe  235. 

Network  density  on  base  is  always  more  (less  M,),  than  free  films, 
which  indicates  the  emergence  of  additional,  physical  bonds  the 
polymer  -  base.  With  an  increase  in  molecular  weight  of  initial 
polyether/polyester  (see  Fig.  14t>)  with  one  and  the  same 
relationship/ratio  NCO/OH  by  the  decrease  of  the  content  of 
NCO — group  per  unit  of  vciume  and,  therefore,  with  the  decrease  of  a 
number  of  the  molecular  bonds,  caused  by  the  interaction  of  the  polar 
groups  with  each  other  and  with  base.  With  an  increase  in 
relationship/ratio  NCO/OH,  is  increased  the  effective  density  of 
cross-linking,  which  is  completely  regular,  but  furthermore  decreases 
the  difference  between  M.  free  film  and  film  on  base.  During 
relationship/ratio  NC0/0H=4;1  m  oath  cases  M  virtually  it  is 
equal.  It  is  obvious,  dunug  the  smaller  relationship/ratios  NCO/OH 
(with  a  smaller  quantity  or  introduced  chemical  network  points)  the 
adaptability  of  the  cuts  or  the  caains  between  nodes  to  rigid  surface 
is  more  than  during  the  large  relationship/ratios  NCO/OH,  when  the 
presence  of  the  excess  of  NCO — group  contributes  to  rigidity  of 
chains,  as  a  result  of  the  course  of  secondary  reactions  with  the 
formation  of  allophanate  and  biuret  bonds.  Therefore  with  smaller 
NCO/OH  is  possible  the  formation  of  a  greater  quantity  of  bonds 
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polymer  -  base. 

The  decrease  of  a  difference  between  in  the  free  film  and 

file  on  base  occurs,  also,  aunnj  introduction  to  polyurethane 
composition  on  the  basis  of  TGF  -  25o/o  of  OP  of  the  additional 
structuring  agent  -  trimethyiol  propane  (£able  67).  The  differ  ice 
between  M,  free  film  and  piare/bar  on  base  decreases  with  an 
increase  in  the  quantity  of  introduced  trimethyiol  propane. 
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Fig.  146.  Dependence  Me  o£  films  on  the  basis  of  TGF  -  25o/o  OP  on 
molecular  weight  of  polyether/polyester:  1  -  free  film;  2  -  film  cn 
base  layer. 


Fig.  147.  Dependence  At  or  tilms  on  basis  of  TGF  -  25o/o  of  OP-1000 
on  relationship/ratio  NCO/oti:  1  -  .tree  film;  2  -  film  on  base. 
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Page  236. 

Somewhat  different  afreets  the  effect  of  base  the  network 
density  of  polyurethane  films  on  tne  basis  cocplex  cligoester glycol. 
The  introduction  of  the  latter  to  grid  must  give  in  to  an  increase  in 
the  number  of  intermoleculac  pnysical  bonds  due  to  the  presence  of 
the  carbonyl  group,  capable  of  reaction  with  the  urethane  greups 
through  hydrogen  bonds. 

Dependence  M,  of  films  on  the  relationship/ratic  of 
NCO/OH — group  for  it  is  poiyuretaane  on  basis  of  ODA  of  different 
molecular  weight  (Fig.  snows  that  for  polyurethane  on  basis  of 

ODfl  of  molecular  weight  odd  the  network  density  of  free  film  is  more 
than  on  base. 

During  an  increase  in  molecular  weight  of  ODA  to  800  effective 
density  of  the  cross-linking  or  rree  film  decreases,  which  is 
regular,  but  value  M,  cf  free  uns  and  films  on  base  identical. 

This  is  bonded,  obviously,  with  tue  fact  that  the  stronger  the 
interaction  with  the  surface  of  initial  oligomers  changes  shaping 
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conditions  for  grid. 

On  one  hand,  with  shaping  cr  film  on  the  surface,  it  is 
sufficient  strongly  witn  u  wmcn  interacts,  occurs  the  formation  of 
physical  bonds  polymer  -  surface,  that  contribute  the  specific 
contribution  to  overall  networK  uensity.  On  the  other  hand,  the 
reaction  of  oligomers  ana  growing  chains  with  surface  leads  tc  the 
limitation  of  their  mobility.  In  tnis  case,  is  possible  the 
deactivation  of  reaction  centers  and  the  increase  of  the  velocity  of 
the  break  of  reaction  chains  cn  surface,  as  a  result  of  which  the 
denseness  of  the  generating  gnu  decreases  and  the  latter  will  become 
more  defective.  The  presence  or  uefects  in  grid  logically  depends  to 
a  considerable  extent  cn  tne  tiexinility  of  units  in  polyurethane. 

So,  with  smaller  molecular  weigot  of  cligoester  the  flexibility  of 
the  chain  between  nodes  in  gnu  uecreases  and  should  expect  the 
greater  defectiveness  ct  grid.  Inerefore  network  density  in  film  on 
base  can  prove  to  be  less  tnan  in  tree  film,  that  also  is  observed. 
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'fable  67.  The  effect  of  tne  addition  of  tcinethylol  propane  on  the 
effective  density  of  crcss-lnming  it  is  polyurethane  on  the  basis  of 
the  copolyaer  of  tetrafayaroturan  with  25o/o  of  propylene  oxide. 
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Key:  (1).  free  film.  (2).  fils  on  case. 
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Pig.  148,  dependence  m t  of  firms  on  basis  of  ODA  on 

relationship/ratio  NCO/OH:  1  -  tree  film  on  OCA  (mol.  weight  600) ;  2 
-  film  on  base  (mol.  weiynt  60U) ;  3  -  film  on  base  and  free  film  on 
ODA  (mol.  weight  800). 

Page  237. 


An  increase  in  molecular  weignt  of  oligoester  raises  the  flexibility 
of  the  cuts  of  chains,  increasing  their  mobility  and  even  when  to  the 
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decrease  of  the  defectiveness  or  grid.  In  this  case,  is  increased  a 
nuaber  of  bonds  polymer  -  Case  as  a  result  of  the  best  adaptability 
of  aore  flexible  chains  to  rigid  surface.  Under  specific  conditions 
it  is  possible  that  the  efrective  aensity  of  cross-linking  on  base 
can  become  equal  to  the  same  for  a  free  film,  that  also  is  observed 
for  it  is  polyurethane  cn  oasis  or  ODA  of  molecular  weight  800. 

During  further  increase  in  molecular  weight  of  oligoester,  it  can 
seen  that  Mr  on  base  will  necome  less  than  M,  free  film,  i.e.,  will 
be  observed  the  phenomenon,  analogous  examined  for  simple  oligoester. 

It.  is  interesting  to  trace  tne  effect  of  the  nature  of  complex 
oligoester  with  identical  molecular  weight  on  the  network  density  of 
the  formed  on  their  basis  poiyurethane  films.  Is  establish/installed 
dependence  Mr  on  the  relationship/ratio  of  NCO/OH — group  for 
polyurethane  coatings  cn  tae  basis  of  ODS  (Fig.  149).  The  analysis  of 
Fig.  148  and  149  shows  tnat  witn  one  and  the  same  molecular  weight  of 
oligoester  the  effective  density  or  cross-linking  for  ODA  is  more 
than  for  ODS.  Replacement  or  ODA  Ly  ODS  leads  to  the  decrease  of  the 
content  of  carbonyl  groups  per  unit  of  volume  and,  therefore,  to  the 
decrease  of  the  concentration  of  secondary  bonds,  which  affects  the 
comaon/general/total  networx  density.  In  the  case  of  the  smaller 
relationship/ratio  of  Nco/da — group,  the  effective  density  of 
cross-linking  on  base  is  consideraoly  more  than  free  film,  which  will 
agree  with  above-stated  present ation/concepts . 
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The  study  of  the  effect  of  aluminum  base  on  tne  effective 
density  of  the  cross-1 inming  or  coatings  on  the  basis  of 
gl ycoxysi lanes  shoved  [7dJ  taat  tne  network  density  is  determined  by 
the  structure  of  glycoxysilane,  uy  its  degree  of  branching.  At  the 
same  time  it  is  reveal/detected  tnat  after  the  solidification  of 
coatings  the  denseness  cf  tnerr  grid  in  the  presence  of  rigid  surface 
is  changed  during  long  time  (Fig.  150) .  M,  free  films  do  not  depend 
on  time,  while  Mc  films  on  case  somewhat  decreases.  Probably,  in  the 
presence  of  rigid  surface,  snaping  of  grid  continues  slowly,  that 
also  is  characterized  by  prolonged  change  Mc  in  time.  Is  possible 
also  the  redistribution  cf  oonds  in  the  course  of  time  in  quite 
polymer  film. 
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Fig.  149.  Dependence  .'l.  of  coatings  on  the  basis  of  ODS  (mol.  weight 
600)  on  relationship/ratio  HCJ/Ori:  1  -  free  fils;  2  -  film  on  base. 

Page  238. 

For  the  investigation  of  tne  dependence  of  the  effective  density 
of  cross-linking  on  the  nature  of  poly-isocyanate,  are  obtained  the 
filas  on  the  basis  of  tetraaietnyleneglycoxysilane  with  the 
utilization  of  adducts  1  ana  2.  it  is  shown,  that  absolute  values 
Mc  of  films  on  the  basis  of  aaduct  1  are  acre  than  on  the  basis  of 
adduct  2.  This  is  bonded  with  tne  smaller  content  of  NCO — group  per 
unit  of  volume  in  the  first  case,  on  the  other  hand,  if  in  films  on 
the  basis  of  adduct  1  Mc  on  case  it  is  more  than  free  films,  then  in 
coatings  on  the  basis  of  adduct  2  is  observed  reverse  picture.  It  is 
possible,  the  presence  in  tne  molecule  of  the  adduct  of  2  methylene 
groups  leads  to  the  formation  of  tne  more  pliable  cuts  of  chains  in 
three-diaensional/space  gnu,  wnat  provides  a  greater  quantity  of 
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bonds  polymer  -  base.  Toe  presence  of  aromatic  groups  in  adduct  1 
contributes  to  greater  rigidity  or  chains  in  grid,  what  decreases  the 
possibility  of  the  formation  or  oonds  polymer  -  base  conditions  the 
formation  of  more  defective  grid. 

Thus,  the  effective  density  or  the  cross-linking  of  polyurethane 
coatings  in  the  presence  or  oase  is  determined  by  the  nature  of 
oligoester,  by  its  molecular  weight,  nature  of  utilized  isocyanate 
and  by  relationship/ratio  of  NCO/Od — group.  The  factors  indicated 
affect  the  flexibility  or  cnains  it  is  polyurethane,  determining 
thereby  the  relationship/ratio  oi  physical  and  chemical  nodes  in 
grid. 


With  the  formation  of  grid  on  surface  one  should  consider  the 
simultaneous  course  of  two  processes:  the  formation  of  the  physical 
bonds  polymer  -  rigid  surface,  which  must  increase  network  density; 
the  limitation  of  the  motility  or  growing  chains  as  a  result  of  their 
reaction  with  rigid  surrace,  which  leads  to  the  formation  of  the  more 
defective  grid,  which  is  characterized  by  a  smaller  number  of  nodes, 
than  such  of  free  film. 
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Fig.  150.  Change  mc  in  time  tor  polyurethane  coatings  on  the  basis 
of  diaethyldibutyleneglycoxysilane  during  different 
relationship/ratio  NCO/OH:  1  -1.5:1;  2  -  1.75:1;  3  -  2.00:1  (G~ 
free  film;  •-  film  on  oasej  . 

Key:  ( 1)  .  days. 

Page  239. 

In  the  case  of  the  prevalence  of  tne  first  process  above  the  second 
we  obtain  Mr  the  film,  lormeu  in  the  presence  of  rigid  surface 
smaller  than  free  film,  wmcu  occurred  for  coatings  on  the  basis  of 
simple  oligoester.  The  increase  of  rigidity  of  chains  because  of  an 
increase  in  relationship/ratio  Nco/OH  and  in  introduction  of 
oligoester  units  with  tne  groups,  capable  of  reaction  with  urethane 
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ones  (for  example,  ester  units) ,  contributes  to  the  course  of  the 
second  process,  i.e.,  tc  the  roruation  of  more  defective  grid 
conditions  increase  Mc  of  tne  nlm  in  the  presence  of  base  in 
comparison  with  free  film. 

A  change  in  the  structure  or  film  under  the  effect  of  rigid 
surface  affects  its  adhesion.  By  us  is  studied  the  dependence  of 
adhesion  it  is  polyurethane  on  the  network  density  and  nature  of  base 
[791  and  it  is  made  the  attempt  to  determine  the  value  of  adhesion 
which  does  not  depend  on  the  secondary  factors:  the  thickness  of 
coating,  velocity  of  its  stratxncation  and  in  connection  with  this 
electrostatic  phenomena  L-iJ. 

Is  investigated  the  adnesiou  of  coatings  on  the  basis  of  TGF  - 
25o/o  of  OP  of  molecular  weigat  1200  and  of  adduct  1  to  aluminum, 
brass,  steel  and  glass  bases  [7gj.  Energy  of  adhesion  is  determined 
on  the  adhesion  meter  AfS-f  pblj,  in  which  was  changed  strength 
measuring  part  and  the  place  of  strengthening  testing  roller  is 
located  on  dynamometer.  Ine  coating  being  investigated  will  be 
brought  in  from  solution  to  testing  roller  during  its  rotation  and  is 
solidified  at  temperature  of  B0°C.  Testing  rollers  were  made  from 
metal  and  glass  and  they  nave  free  running  because  of  which  the  angle 
of  breakaway  always  remains  constant  and  equal  to  90°.  The  position 
of  the  boundary/interface  of  breakaway  also  is  constant  relative  to 
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the  stratifying  ef fort/f crce .  Dating  testing  the  edge  of  the  strip  of 
the  coating  being  investigated  tney  reinforce  in  the  clamp,  which  was 
being  moved  with  given  speed  whicu  can  be  changed  within  the  limits 
of  0.  025-0.3  cm/s. 

During  testing  with  given  speed  of  stratification,  occurs  a 

A3 

smooth  increase  in  the  f ixea/recorded  effort/force  (Fig.  151»fe),  and 
then  the  effort/force  ci  iiceaitaway  remains  almost  constant  (Fig. 

51 

151b»).  This  effort/force  corresponds  to  the  voltage/stress  of 
stratification  in  known  unstic*  speed  (Pi).  From  the  averaged  stress 
level  with  breakaway,  is  determined  the  energy  of  adhesion  of  coating 
at  the  given  velocity  cf  stratirication,  in  reference  to  the  unit  of 


the  width  of  film 
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Fig.  151.  Change  in  the  efto rt/force  of  stratification  in  tine  at 
given  speed  of  stratification. 

Key:  (1).  Effort/force  or  stratification. 

Page  240. 

If  we  after  the  determination  of  the  effcrt/force  of  breakaway 
with  the  known  velocity  of  stratincation  stop  the 

displaceaent/aovement  of  ciaap,  tnen  the  stratification  of  film  it  is 
continued  as  a  result  of  relaxation  of  the  voltage/strasses  in  the 
film,  which  leads  to  abbreviation  lor  the  latter.  Stratification 
occurs  to  those  pores,  while  the  voltage/stresses  in  film  will  not  be 
equalized  by  the  forces  of  interaction  of  the  coating  being 
investigated  with  the  surface  of  roller  -  adhesive  forces  (Fig. 

CO 

151e4),  after  which  the  stratincation  ceases  (Fig.  151,  point  D)  . 

The  value  of  residual  vcltaye/stress,  in  reference  to  the  unit  of  the 
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width  of  film,  the  authors  can  giiasi-equilibrium  energy  of  adhesion. 
Figure  152  gives  typical  tne  curves  of  stress  relaxation  in  films, 
from  which  are  calculated  cue  values  of  quasi-equilibrium  energy  of 
adhesion  (Table  68). 

Energy  of  adhesion  diuimshs  in  series/number  steel  >  brass  > 
dural  >  glass,  also,  during  an  increase  in  the  network  density 
(increase  NCO/OH,  decrease  grow/increases  in  all  cases. 

Introduction  to  coatings  ana  glues  of  the  compounds,  which 
contain  isocyanate  groups,  usually  leads  to  an  increase  in  adhesion 
[251,  299,  309],  Therefore, tue  increase  of  adhesion  with  growth 
NCO/OH  and,  consequently,  also  network  density  it  is  logical  result. 
For  clarity  is  represented  tne  dependence  of  energy  of  adhesion  on 
network  density  (Fig.  15-»)  .  For  coatings  with  greater  network 
density,  is  observed  critical  dependence  of  adhesion  on  the  nature  of 
base  despite  the  fact  that  a  cuange  in  the  network  density  during  a 
change  in  the  type  of  rigid  surrace  is  small.  It  is  possible  that 
sharp  increase  in  the  adhesion  with  a  change  in  the  nature  of  surface 
can  be  explained  by  difierent  reaction  of  bases  with  the  investigated 
coatings  due  to  the  dissimilar  character  of  the  joining  of  functional 
groups,  which  are  located  on  t tie  surface  of  metals,  with 
polyurethane. 

i 
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Table  68.  Dependence  of  the  energy  of  adhesion  (A-10-*  erg/cm*)  of 


polyurethane  coatings  on  tne  nature  of  b 
unstick  speed. 


ase,  network  density  and 


Note.  Energy  of  adhesion  at  unstick  speeds  0.025-0-3  ca/s  is 
related  to  the  thickness  or  o.  11-0.12  mm. 

Key:  (1).  with  addition.  (2).  nase.  (3).  a  at  unstick  speed,  ca/s. 

(4).  Equilibrium  energy  ot  aduesiou,  erg/cm*.  (5).  steel.  (6).  Brass, 
(7)  .  Dural.  (8)  .  Glass. 

Page  241. 

During  the  explanation  to  dependence  of  adhesion  on  the  nature 
of  base,  it  is  necessary  to  consider  following,  it  is  known  that  the 
surface  tension  of  the  materials  oi  the  bases  being  investigated 
diainishs  m  the  same  cider  as  the  energy  of  adhesion,  determined  by 
us  for  these  bases  [  129,  273  j  t^bie  69).  Substances  with  large 
surface  tension  possess  greater  surface  energy,  which,  possibly,  and 
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causes  stronger  interaction  or  investigated  polymers  with  metals  (in 
particular,  with  steel),  tuan  with  glass.  The  analysis  of  results 
Table  69  shows  that  the  energy  or  adhesion  defends  on  the  velocity  of 
stratification.  Furthermore,  with  an  increase  in  the  thickness  of 
coating  increases  energy  or  adhesion  (Fig.  153,  curve  1).  An  increase 
in  the  work  of  breakaway  witn  an  increase  in  the  thickness  is 
observed  usually  during  tue  utilization  of  a  method  of  stratification 
[3]  and  it  is  especially  cnaracterist ic  for  elastic  coatings.  This 
phenomenon  is  bonded  with  tne  voitage/stresses ,  which  appear  with 
bend,  and  also  with  deformation  or  film  according  to  thickness  with 
its  breakaway  from  base.  The  woik,  spent  on  the  deformation  of  film, 
is  increased  with  an  increase  in  tne  deformation  rate  and  the 


thickness^of  film,  affecting  tneiecy  the  work  cf  the  breakaway  of 
coating.  Thus,  for  obtaining  tne  comparable  results  in  the  capacity 
of  adhesion  it  is  necessary  to  investigate  the  coatings  of  identical 
thickness  with  the  same  velocity  or  stratification.  The  procedure  of 
obtaining  the  films  of  identical  thickness  is  very  complex. 
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Fig.  152.  A  change  in  tne  at rort/rorce  of  stratification  in  time 
because  of  the  voltage/stresscs,  waich  arose  in  film  with  its 
stratification,  at  a  rate  or  0.0*5  cm/s  for  a  coating  with 
relationship/ratio  NC0/Ch=2:  1  ana  with  addition  50o/o  THP :  1  -  ste 
2  -  dural;  3  -  glass. 


Key:  (1).  Effort/force  ot  str ataiication .  (2).  min. 


Fig.  153.  Dependence  of  yudsi-eyuiiibriue  energy  of  adhesion  on 
network  density:  1  -  brass;  2  -  dural. 
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Key:  (1).  "equilibrium  horn"  or  aunes ion* 1 0“ 5 ,  ecg/cm2. 

Page  242. 

Furthermore,  for  evaluating  the  adhesion  of  the  coatings  of  one 
nature,  but  different  networ*  density  even  the  identical  thickness  of 
films  always  can  ensure  obtaining  the  comparable  results,  and  since 
the  mechanical  properties  or  these  films  are  not  identical,  then  also 
the  work  which  proceeds  witn  tueir  deformation  with  breakaway,  it 
will  be  different. 

The  values  of  quasi-ejuilibnum  energy  of  adhesion  do  not  depend 
on  the  thickness  of  coatings  aud  initial  velocity  of  breakaway  (Fig. 
154,  "table  70) ,  what  is  completely  regular  result,  since  character 
and  strength  of  joining  polymer  -  rigid  surface  is  determined  by  the 
structure  of  a  comparatively  thin  layer  of  polymer,  adjacent  to 
surface  [ 64  ].  Therefore  adhesion  is  determined  not  by  the  thickness 
of  coating,  but  by  the  nature  of  base  and  by  the  structure  of 
polymer. 

In  terms  of  absolute  value  the  value  "of  eguilibrium  "energy  of 
adhesion,  as  can  be  seen  from  Table  68,  composes  10-40o/o  of  energy 
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of  adhesion,  determined  at  final  unstick  speeds,  which  will  agree 
with  conclusion/der i vation  [91]  anout  the  decisive  contribution  of 
the  work  of  deformation  to  the  total  balance  of  the  work  of 
stratification . 

On  the  basis  of  the  aoove  at  is  possible  to  expect  that  the 
value  of  the  guasi-equilinnum  energy  of  adhesion  during 
determination  of  which  are  r emove/taken  the  effects,  bonded  with  the 
thickness  of  coating,  its  deformation,  velocity  of  stratification  and 
in  connection  with  this  electrostatic  phenomena,  it  more  correctly 
characteriees  the  value  of  intecmoiecular  interaction  on  interface, 
than  the  determined  usually  work  of  peeling  polymeric  coatings  from 
rigid  surface. 

It  was  noted  that  the  rigid  surface  exerts  a  substantial 
influence  on  the  effective  aensity  of  the  cross-linking  of 
cross-linked  ones  it  is  pory uretnane.  It  is  interesting  to  explain, 
at  what  depth  stretches  the  action/effect  of  base  in  the  investigated 
case.  For  this  purpose,  is  carried  out  the  definition  of  the 
effective  density  of  cross- linking  both  free  films  (obtained  via 
infusion  to  film  from  f iuoroplastj and  films  on  the  materials  cf 
different  nature  [54],  Ihe  tmckness  of  films  varies  from  10  to  300 
M  • 
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'table  69.  Values  of  the  surrace  tension  of  sooie  metals  and  glass. 
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Key:  (1).  Substance.  (2) .  Temperature  of  definition,  °C.  (3> .  dyn/cm. 
(4).  Boundary  of  section.  (5).  iron.  (6).  Aluninum.  (7).  Air.  (8). 
Vapors  of  aluminum.  (9)  .  Giasii. 


Table  70.  Change  in  the  exieryy  of  adhesion  with  the  speed  of 
stratification. 
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Key:  (1).  Base.  (2).  Velocity  ot  stratification,  cm/s.  (3).  Energy  of 
adhesion  x10“5,  erg/ca2.  14).  guasi-eguilibrium  energy  of  adhesion 
x10~’,  erg/cm2.  (5).  Steel.  (6).  Brass. 
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As  can  be  seen  frco  tae  aepenuence  of  value  f  r0e  the 

thicicness  of  film  on  basis  or  ODA-1200  (Fig.  155),  the  effective 
density  of  the  cross-limcing  ot  rre3  film,  i.e.,  the  film,  obtained 
virtually  in  the  absence  of  reaction  polymer  -  solid  surface,  in  an 
interval  being  investigated  it  do©s  not  depend  on  thickness.  Value 
Me  of  films  on  bases  to  a  considerable  degree  is  determined  not  only 
by  the  presence  of  rigid  surraoe,  out  also  by  the  nature  by  the 
latter.  In  films  on  steel  and  nrass,  the  adhesion  of  polyurethane 
coatings  to  which  is  higner  tnau  to  aluminum,  difference  in  value 
with  free  film  is  scmewaat  mgner  than  for  aluminum.  This  is 
obvious,  it  is  bonded  vita  tae  ract  that  in  the  case  of  brass  and 
steel  is  formed  a  larger  numner  or  contacts  of  polymer  chains  with 
surface,  which  decreases  Mr 

With  an  increase  in  tne  tmc*ness  of  coatings,  the  difference 
between  Mf  free  films  and  nils  on  base  decreases  also  with  the 
thickness  of  120  p  and  above  Mr  in  both  cases  they  become  identical. 

These  results  confirm  couciusions  about  the  fact  that  the  effect 
of  rigid  surface  substantially  is  reflected  in  structure  of  both 
linear  and  cross-linked  polymers  it  stretches  at  the  significant 
depth  of  polymer  depending  on  nature  and  physical  state  of  the  latter 
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[64].  Therefore  by  us  for  0Dtai.ui.u9  the  comparable  results  during 
determination  Mr  of  films  on  uase  are  used  films  in  thickness  to  40 
M  [54,  78  ).  Is  investigate  the  dependence  of  the  adhesion  of 
polyurethane  coatings  on  the  nature  of  oligoester,  and  also  its 
molecular  weight,  and  networm  density  [78]. 
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Fig.  154.  The  dependence  or  energy  of  adhesion  on  the  thickness  of 
the  coating  of  base  made  of  steel  with  NCO/OH=2: 1: 


1  -  unstick  speed  0.025  ca/s;  2  -  quasi-equilibrium  energy  of 
adhesion. 


Key:  (1).  Work  of  adhesioa*10_5#  erg/cm*.  (2).  Thickness,  mu. 


Ta/imuH<rtO},MH  (0 

Fig.  155.  Dependence  on  tnicuness  of  film  on  basis  of  ODA-1200 


1  -  free  film;  2  -  on  steel;  i  -  on  brass;  4  -  on  dural; 
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Key:  (1).  Thickness  •  1u3,  am. 

Page  244. 

As  oligoesters  are  taken  oiiyodietnyleneglycoladipate  of  nolecular 
weights  600  and  120  (ODA-odU  and  OilA-1200)  and  TGF  -  25o/o  of 
OP-  1200. 

The  dependence  of  value  Mc  from  relationship/ratio  NCO/OH, 
which  characterizes  the  cnemical  density  of  cross-linking  for 
coatings  on  basis  of  ODA-1200  (Fry.  156) ,  shows  that  in  all  curves  is 
observed  the  more  or  less  expressed  minimum  in  region  NCO/OH=2:1. 
Obviously,  initially  with  yrowtn  NCO/OH  occurs  an  increase  in  the 
effective  density  of  cross-iinxiug ,  which  was  observed  and  it  is 
earlier  [73,  79],  with  K.0/0H=4:1  effective  network  density  falls  as 
a  result  of  certain  decrease  ot  a  number  of  chemical  and  physical 
nodes.  It  is  bonded  with  tne  formation  of  defective  chemical  grid  due 
to  the  strong  limitation  of  mobility  of  chain  at  deep  stages  of 
reaction.  With  NC0/0H=2j1  tne  effective  density  of  cross-linking  is 
greatest.  This  is  reflected  also  in  the  value  of  the 
quasi-equilibrium  energy  of  adhesion,  determined  for  the  present 
instance.  As  can  be  seen  from  Fig.  157,  there  is  an  extreme 


i 


DOC  =  79011113 


PAUfc  *rf7/ 


dependence  between  the  value  ox.  auuesion  and  the  cheaical  density  of 
cross-linking.  With  NCC/Cri=^.:1  (small  Mt)  occurs  the  greatest 
adhesion.  But  if  we  present  tn«  dependence  of  adhesion  on  the  value 
of  the  common/general/total,  directive  density  of  cross-linking, 
which  encompasses  cheitical  and  paysical  nodes,  then  is  observed  the 
synbatic  dependence  of  energy  ox  adhesion  on  M,  (see  Fig.  157). 

On  the  basis  of  Fig.  15o  aiiu  157,  it  is  possible  to  draw  a 
conclusion  about  the  effect  of  the  nature  of  base  on  the  adhesion: 
polyurethane  coatings  on  tne  oasis  of  oligodiethyleneglycoladipate 
(■ol.  weight  1200)  as  coating  on  tae  basis  of  simple  oligoesters  [79], 
possess  high  adhesion  tc  oases  wita  the  greater  surface  energy 
(steel,  brass) . 

Is  interesting  to  compare  tne  results  according  to  the  adhesion 
of  coatings  on  the  basis  of  complex  oligoester  with  the  adhesion  of 
coatings  on  the  basis  of  simple  oligoester  of  the  sane  molecular 
weight.  Table  71  depicts  data  according  to  quasi-eguilibrium  energy 
of  adhesion  it  is  polyurethane  on  oasis  of  ODA-1200  and  of  copolymer 
to  tetrahydcof urane  oxide  or  propylene  from  which  it  is  evident  that 
the  system  of  a  change  cx  tne  capacity  of  adhesion  in  dependence  on 
the  nature  of  base  is  identical.  At  the  same  time  the  adhesion  in  the 
case  of  simple  oligoester  is  higner  than  for  the  same  complex 
molecular  weight.  This  can  oe,  obviously,  connected  with  difference 
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in  interaction  energy  oi  polyaer  cnains  with  each  other  in  both 
cases . 
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Fig.  156.  The  dependence  ot  vaiua  Air  from  the  relationship/ratio  of 
NCO/OH — group  for  coatings  on  basis  of  ODA-12GO: 

1  -  steel;  2  -  brass;  3  -  dural;  4  -  free  film. 

Page  245. 

It  is  known  that  inter uoiecuidr  interaction  in  polyurethane  on 
the  basis  of  complex  oligoestet  is  considerably  more  than  in  simple 
ones  [114],  It  is  logical  tneterore  that  the  flexibility  of  the  cuts 
of  the  chains  between  nodes  lor  complex  oligoesters  is  less  and, 
therefore,  their  adaptability  tc  surface  worse  than  the  cuts  of 
chains  it  is  polyurethane  on  toe  oasis  of  simple  oligoester.  In 
connection  with  this  a  numoer  or  contacts  polymer  -  the  surface  of 
coatings  on  the  basis  of  complex  oligoesters  will  be  less  than  on  the 
basis  of  simple  ones,  which  leads  to  the  decrease  of  adhesion  first. 
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It  is  necessary  to  still  near  in  mind  different  reactivity  of  simple 
and  complex  oligoesters,  mat  must  be  reflected  in  the  structure  of 
the  grid  of  those  formed  it  is  polyurethane  and  during  the  adhesion 
of  the  latter  to  different  suriaces. 

For  the  investigation  or  tne  effect  of  molecular  weight  of 
initial  complex  oligoester  on  aunesion,  are  obtained  the  coatings  on 
the  basis  of  oligodiethyleneadipatc  of  molecular  weights  600  and 
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Fig.  157.  The  dependence  of  quasi-equilibriui  energy  of  adhesion  on 
relationship/ratio  NCO/CH  (aj  aua  values  Me  (b)  for  films  on  basis 
of  ODA-1200: 


1  -  steel;  2  -  brass;  3  -  dural;  4  -  glass. 


Key;  (1).  Quasi-equilibrium  eneryy  of  adhesion  •  10"5,  erg/cm2. 
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Table  72  depicts  the  value  or  the  yuasi-eguilibriua  energy  of 
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adhesion  of  coatings  on  oasis  or  ob A-600  and  CDA-1200.  Energy  of 
adhesion  for  ODA-600  in  ail  cases  as  more  than  for  coatings  on  basis 
of  ODA-1200.  An  increase  or  the  concentration  cf  polar  groups  per 
unit  of  volume  because  or  u<e  decrease  of  molecular  weight  of 
oligoester  and  an  increase  or  tne  possibility  of  the  formation  of 
bonds  polymer  -  surface  rs  tne  reason  for  the  observed  differences. 

Let  us  examine  the  bonu  cetween  the  determined  experimentally  by 
value  ahd  adhesion  or  coatings  on  basis  of  ODA-600. 

a  change  in  experimental  value  A/c  with  growth  NCO/OH  for  films 
on  basis  of  ODA-600  in  tne  presence  of  different  bases  (Fig.  158) 
shows  that  the  effective  density  or  the  cross-linking  of  free  film  is 
more  than  films  on  the  surface  or  crass  and  of  dural,  but  it  is 
somewhat  less  than  on  glass  ana  steel.  On  the  decrease  of  the 
effective  density  of  films  on  the  oasis  cf  complex  oligoesters  of 
light  molecular  weights  in  the  presence  cf  rigid  surface  in 
comparison  with  free  film,  has  already  ’  een  communicated  [673* 
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*fable  71.  Dependence  of  tne  guusr-equilibriun  energy  of  adhesion 
(10_s  erg/cm2)  of  poly uretudue  coatings  cn  nature  of  cligoester, 
relationship/ratio  NCO/CH  aua  or  type  of*  rigid  surface. 
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0,18 
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0,30 

Key:  (1).  Base.  (2).  Steel.  (J)  .  Brass.  (4).  Dural.  (5).  Glass. 

Table  72.  Quasi-equilibrium  energy  of  adhesion  of  polyurethane 
coatings  on  the  basis  cl  complex  oligoester. 
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1.17 

0,23 
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1.24 
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0,26 
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0.25 

2  :  1 

1,50 
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0,26 

4  :  1 

2,16 

0.28 

0,20 

0,18 

0.18 

OHA-600 

1.25:  1 

1.85 

0.64 
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2,04 

1.24 

0,59 

1.24 

1.18 

2,0:  1 

2,22 

1.45 

1,24 

1,27 

1,33 

Key:  (1) .  Quasi-equilibriua  energy  of  adhesion  •  10~5,  erg/cm*.  (2) 
Oligoester.  (3).  mole/cm*.  (4) .  steel.  (5).  Brass.  (6).  Dural.  (7). 
Glass. 
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This  anomaly  they  relate  vita  tne  effect,  of  rigid  surface  on  the 
polymerizing  processes,  leading  to  the  formation  of  more  defective 
grid . 


On  the  other  hand,  at  as  possible  to  assume  tnat  an  increase  in 
the  hardness  of  polymer  cnains  uui-ing  the  decrease  of  molecular 
weight  of  oligoester  contributes  to  smaller  number  of  their  contacts 
with  surface.  The  latter  ract  can  re  checked  during  the  determination 
of  adhesion.  So,  value  m  calms  on  brass  and  dural  is  almost 

identical  and  it  is  more  tnan  tree  film,  as  can  be  seen  from  Fig. 

158.  However,  adhesion  tc  dural  they  are  investigated  coatings 
considerably  higher  than  to  crass  (Fig.  159)  .  Consequently,  with  the 
formation  of  coatings  cn  crass  decreases  a  number  of  contacts  polymer 
-  surface,  in  the  case  ct  aural,  tne  increase  in  the  number  of 
contacts  of  polymer  chains  witn  surface,  which  leads  to  an  increase 
in  the  adhesion  in  comparison  vath  brass,  is  simultaneously 
accompanied  by  the  decrease  or  a  number  of  nodes  in  volume,  which  is 
reflected  in  value 

Concerning  steel  ana  glass,  in  these  cases  is  observed  the 
greatest  adhesion  of  films  on  GUA-oOO  and  the  greatest  effective 
network  density  (see  Tacle  71,  Fig.  161). 


Thus,  the  decrease  cf  molecular  weight  of  initial  oligoester 
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leads,  on  one  hand,  to  an  increase  in  the  adhesion,  on  the  other  -  is 
changed  order  in  the  ser les/numuer  by  the  nature  of  bases, 
establish/installed  earlier  tor  oiiyoesters  or  basis  of  ODA-1200  and 
sinple  oligoester  [73],  So,  if  aanesion  was  changed  in  ser ies/nunber 
steel  >  brass  >  dural  >  glass  anu  was  located  in  accordance  with  the 
value  of  the  surface  energy  of  tue  naterials  being  investigated,  then 
in  the  case  of  coatings  on  oasis  or  ODA-600  this  series  has  the 
following  form:  steel  >  glass  >  uural  >  brass. 
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Fig.  158.  The  dependence  of  value  A\ [i_  froa  the  relationship/ratio  of 
NCO/OH — group  for  coatings  on  basxs  of  ODA-60C: 

1  -  brass;  2  -  dural;  3  -  glass;  4  -  free  fila. 
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Fig.  159.  Dependence  of  yuasx-eguxlibriu a  energy  of  adhesion  on  value 
for  coatings  on  basis  of  oda-600: 
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1  -  steel;  2  -  brass;  3  -  aural;  4  -  glass. 


Key:  (1).  Quasi-eguilibriuia  energy  of  adhesion  •  10~ft,  erg/cm2. 


Page  248. 


The  authors  [54]  assuise  taut,  this  inversion  in  series/number, 
just  as  the  dependence  or  adnesion  on  the  nature  of  the  bases  being 
investigated,  to  a  considerable  uegree  can  be  bonded  with 
structurization,  which  occur  on  interface  with  rigid  surface, 
determined  by  the  nature  of  the  latter  and  by  structure  initial 
component  of  polyurethane. 

Thus,  the  analysis  of  scarce  of  works,  dedicated  to  the  study  of 
adhesion  is  polyurethane,  it  spears  that  the  adhesive  properties  of 
the  coatings  being  investigated  are  determined,  in  the  first  place, 
by  their  chemical  structure,  and  namely  by  the  nature  of  oligomeric 
units,  isocyanate,  crosslinking  agent;  the  secondly,  by  the  structure 
of  grid,  which  is  generated  during  the  solidification  of  coatings  on 
base.  The  application/use  of  units  of  different  flexibility  in  chains 
it  is  polyurethane  and  the  bases  of  different  nature  -  all  this 
changes  the  structure  cr  grid,  tue  relationship/ratio  of  physical  and 
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cheaical  bonds  in  it  and  at  tne  same  tine  determines  the  adhesive 
properties  of  polyurethane  coatings. 

PROPERTIES  AND  STRUCTURE  Of1  ELaSIOjIERIC  POLKU FETHAN E  EIBERS. 

Recently  there  have  been  developed  new  naterials  on  the  basis  of 
the  linear  polymers,  developing  uuuer  specific  conditions  properties 
of  elastomers,  but  under  tne  elevated  temperatures  or  the  influence 
of  the  solvents  of  those  oenaving  as  common  thermoplastic  materials. 
The  discussion  deals  witn  tne  polymers  which  in  the  conditions/aode 
of  exploitation  develop  elastic  properties  in  the  absence  of  the 
sufficiently  strong/durafle  chemical  bonds,  which  unite  separate 
macromolecules  into  single  tnree-uimensional/space  grid. 

Such  a  high  elasticity  is  nonued  with  the  flexibility  of  the 
chains  of  the  macromolecules ,  wuicn  contain  the  groups  which  under 
conditions  of  operation  are  found  as  at  the  temperature  of  lewer  than 
the  temperature  of  the  vitrification  of  these  sections  of  polymer 
chains.  These  systems  will  oe  called  the  common/general/total 
elastoplastics.  A  typical  example  of  elastoplastics  are  the  linear 
and  weakly  cross-linked  polyurethane  which  serve  as  initial  material 
for  obtaining  highly  elastic  polyurethane  fibers.  The  schematic 
structure  of  such  molecules  is  represented  in  Fig.  160.  The  soft 
segments,  formed  by  linear  networks,  for  example  by  the  chains  of 
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oligoesters,  which  form  pact  at  polyurethane  molecule,  are  under  the 
conditions  for  exploitation  in  highly  elastic  state.  The  temperature 
of  the  vitrification  of  the  ngiu  segments  of  the  sections  of 
isocyanate  component  unuer  normal  conditions  is  considerably  higher. 
Thus,  rigid  segments  compose  the  nodes  of  physical 

three-dimensional/space  grid,  wmcn  as  a  whole  is  capable  of  the  high 
reversible  elastic  deformations  and  it  is  not  capable  of  flow  at 
common  temperatures. 

Page  249. 

An  increase  in  the  temperature  leaas  to  the  decomposition  of  physical 
nodes,  and  sometimes  also  weak  chemical  (for  example,  allophanate  or 
biuret) ,  and  system  acquires  capacility  for  viscous  flow,  which  makes 
it  possible  to  process  this  polymer  by  the  common  methods,  used  for 
thermoplasts. 

The  methods  of  obtaining  and  some  properties  of  thermoplastic 
ones  it  is  polyurethane  with  the  labile  chemical  bonds,  which 
disintegrate  at  high  temperatures  and  are  restored  at  low,  they  are 
presented  in  work  [342]. 

The  described  principle  or  the  construction  of  chain  is  the 
basis  of  the  synthesis  of  tne  linear  or  weakly  cross-linked 
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polyurethane  elastomers  from  whicu  by  the  methods  of  dry  or  wet 
molding  are  the  fibers  (or  type  s^andex,  Lycra,  etc.),  which  possess 
high  strength  (0.6-0. 8  g/demer)»  ny  high  reversible  elongation 
(500-800o/o)  and  by  mod ule/modu ius,  two  or  three  times  exceeding  the 
modulus  of  elasticity  cf  rubber  fibers.  The  difference  for  such 
fibers  from  others  syntactic  ones,  for  example  polyamides,  is  in  the 
fact  that  the  latter  after  extract  acquire  the  oriented  stable 
structure,  which  does  net  disappear  after  the  release  of  tensile 
stress,  while  polyurethane  fibers  are  capable  of  spontaneous 
reversible  reset. 

For  a  comparison  are  given  toe  curves  of  the  dependences  of 
voltage/stress  from  deformation  ror  the  oriented  poliamide, 
polyurethane  elastic  ana  runner  tioers  (Fig.  161)  . 


DOC  =  79011113 


PAGJJ 


( / 1  HanpaB/ienue  Ohim/DXKU 


Fig.  160.  Principle  of  the  cons traction  of  the  meristic  urethane 
elastomer  from  rigid  and  sort  segments. 

Key:  (1).  Direction  of  stretching.  (2).  Soft  segments.  (3).  Rigid 
segments. 

Page  250. 

Elastic  polyurethane  fibers  can  be  obtained  on  the  basis  of  the 
three-dimensional/space  cross-iinKed  ;,nd  ther scplastic  polymers.  They 
strongly  differ  in  their  elastic  properties  and  are  characterized  by 
high  strength  and  elongation. 
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Is  shown  the  possibility  oi  obtaining  on  the  basis  of  linear 
ones  it  is  polyurethane  tae  fibers,  which  possess  the  properties, 
intermediate  between  highly  elastic  polyurethane  draw  plates  and 
fibers  of  the  type  perlon.  I'uis  is  bonded  with  alternating  in  the 
polymer  chain  of  the  pol yethar/polyester  and  glycol  units  of 
different  nature  and  entering  tue  composition  of  polymer  in  different 
relationship/ratios  [23,  24 J. 

Fibers  from  elastic  ones  it  is  polyurethane  it  is  possible  to 
obtain,  as  already  mentioned,  on  the  basis  cf  linear  ones  and  those 
partially  cross-linked,  was  polyurethane.  The  process  of 
cross-linking  in  such  systems,  nowever,  does  not  change  the  character 
of  the  solution,  in  which  occur/I row/lasts  the  synthesis  and  which  is 
used  then  for  processing/treatment,  i.e.,  in  solution  is  not  observed 
the  gel  formations,  which  impedes  obtaining  fiber.  This  fact  of  weak 
cross-linking,  characteristic  lor  obtaining  highly  elastic 
polyurethane  fibers,  is  the  additional  confirmation  of  the  fact  that 
the  role  of  the  nodes  of  taree-dimensional/space  grid,  which  are 
determining  elasticity  and  absence  of  flow,  perform  the  physical 
nodes,  formed  by  the  reaction  of  rigid  segments. 

Difference  to  maturing  degrees  in  spinning  solutions  it  is 
possible  to  illustrate  as  follows  1.297],  Let  «s  examine  the 
dependence  of  ductility/toug nness/viscosity  on  the  concentration  of 
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the  solution  of  poly  urethane  in  dimethyl  formamide  (Fig.  162)  [297], 
Curve  1  is  characteristic  tot  tne  polymer,  obtained  under  soft 
conditions  during  the  reaction  ol  the  mole  cf  polyether/polyester 
(mol.  weight  2000)  and  cf  mole  or  uiphe nylmethane  diisocyanate. 
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Pig.  161.  Failure  diagraa  is  -  elongation  fcr  different  fibers: 

1  -  oriented  poliamide;  4  -  polyurethane;  3  -  rubber. 

Key:  (1).  Vo  It  age/ stress,  g/demer.  (2).  Elongation. 


Pig.  162.  Dependence  of  uuctility/toughness/viscosit y  on 
concentration  of  solution  ot  polyaer  in  disethyl  fonaaide: 

1  -  on  basis  of  polyethylene glycoladipate  (mol.  weight  20000)  and  of 
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dipheny lmethane  diisocyanate;  z  -  the  same  poly uret hane,  cross-linked 
with  hydrazine  bridges. 

Page  251. 

Curve  2  characterizes  tne  properties  of  the  solution  of 
macro-diisocyanate,  obtaiueu  from  the  sane  initial  products,  tut 
connected  by  hydrazine  triages,  lu  this  case  the 
ductility/toughness/viscosity  increases  considerably  faster  with 
concentration,  which  is  explained  oy  the  greater  degree  of  branching 
and  intermingling  of  the  coilea  molecules  as  a  result  of  the 
cross-linking  of  chains  witn  each  other.  The  differences  indicated 
are  even  more  visual,  if  we  compare  the  ductility /toughness/ viscosity 
of  the  dilute  polymer  solutions  m  hexa methylphosphoramide  after 
heating  at  different  temperatures.  The 

ductility/toughness/viscosities  or  lo/o  solutions  are  virtually 
identical,  although  initially  tner«  are  noticeable  differences.  This 
is  caused  by  the  fact  tnat  in  tne  case  of  the  weakly  cross-linked 
polymer  during  heating  is  feasiule  the  break  cf  weak  weak  bonds  under 
the  action/effect  of  solvent.  1‘ne  regulating  cf  the  maturing  degree 
of  fibers  in  spinning  process  by  applying  different  crosslinking 
agents  gives  the  possibility  to  cnange  the  properties  of  the  obtained 
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Let  us  examine  now  some  mechanical  properties  of  elastic 
polyurethane  fibers.  Let  us  elongate,  for  example,  highly  elastic 
fiber  to  the  specific  value  (to  200o/o)  and  after  this  let  us  dump. 
In  this  case,  is  observed  hysteresis,  shown  in  Pig.  163,  for  fibers 
of  Lycra. 
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Fig.  164.  Failure  diagram  -  elongation  for  fibers  of  different  degree 
of  stretch  with  repeatea  drawing: 


1  -  Lycra;  2  -  Viryne;  3  -  runner  (unbroken  curves  with  loading, 
broken  -  during  removal  cr  load) . 


Key:  (1).  Voltage/stress  with  elongation  150o/or  g/denier.  (2). 
Common/general/total  degree  or  stretch,  o/o. 


Page  252. 
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Bith  repeated  stretching  the  curve  of  the  loading  of  the  first  cycle 
no  longer  is  reproduced  and  iits/tes ts  considerably  below.  This 
indicates  that  the  structure,  waxen  arose  with  the  formation  of 
fiber,  with  the  first  drawing  strongly  is  changed,  as  a  result  of 
which  descends  the  voltage/stress,  necessary  for  repeated  drawing  of 
the  fiber.  If  according  to  magma  elongation  -  voltage/stress  for 
fibers  with  different  degree  or  stretch  is  compared  the  value  of  the 
voltage/stress,  necessary  rot  repeated  drawing  of  the  fiber  to  150o/o 
in  dependence  on  the  ccnaou/generax/total  degree  of  stretch  (Fig. 
164),  then  for  different  elastomers  graphs  substantially  differ.  Vith 
repeated  stretchings  hysteresis  gradually  disappears. 

These  phenomena  reseunle  the  mown  effect  of  Mullins  [92]  for 
the  filled  elastomers,  and  they  aiso  correspond  to  the  ef fects . which 
have  described  we  in  the  examination  of  the  dependence  of  the 
properties  of  polyurethane  elastomers  on  temperature  and  solvents. 
Differences  in  the  elastic  properties  of  polyurethane  and  rubber 
fibers  are  visible  alsc  from  Fig.  165  [281],  where  they  are  shown  to 
the  dependence  of  voltage/stress  from  time  during  the  different 
assigned  elongation,  tc  aging  during  this  elongation  during  30  s  and 
to  unloading.  As  is  evident,  in  polyurethane  fibers  at  the  initial 
moments  after  unloading,  more  rapidly  proceed  the  relaxation 
processes,  especially  during  higher  original  elongation.  Figure  166 
gives  dependence  of  the  values  ot  elongation  from  time  with  constant 
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load  for  polyurethane  ana  ru ober  and  some  data  on  the  amounts  of 
residual  deformations. 

From  data  on  temperature  aependence  of  mcdule/modulus  and 
elastic  after-effect  after  Uounlc  stretching  to  300c/o  after  30  s 
after  unloading  (Fig.  1b7)  it  is  evident  that  the  elastic  properties 
of  rubber  little  vary  with  temperature,  and  fcr  polyurethane  such 
changes  are  very  significant,  aeaiiy/act ually ,  if  for  rubber 
vitrification  temperature  iie/rests  at  region  of  -50 — 70°C,  then  fcr 
the  rigid  units  of  pclyuretuane  tue  region  of  vitrification  is 
located  considerably  above.  This  explains  more  high  tension,  are 
necessary  for  the  deformation  or  xibers  the  smaller  values  of  elastic 
after-effect.  Moreover,  until  now,  clearly  are  not 
establish/installed  the  temperatures  of  the  vitrification  of  the 
so-called  rigid  units. 
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Fig.  165.  Trajectory  in  the  voltaye/stress  with  different  degree  of 
stretch  for  polyurethane  and  runner. 

Key:  (1) .  Voltage/stress,  tuy/deuier.  (2) .  Time.  (3) .  Polyurethane. 

(4) .  Rubber. 

Page  253. 

There fore^the  given  reasonings  near  thus  far  even  qualitative 
character,  although  soie  quantitative  dependences  of  change  cf  the 
temperatures  of  the  vitrification  of  elastic  cnes  it  is  polyurethane 
with  a  change  in  the  nature  ot  unit,  molecular  weight  and  quantity  of 
urethane  groups  they  are  given  in  (zliapter  IV. 


The  data  on  the  dependence  ot  the  physical  properties  of 
polyorethane  elastomeric  finers  on  their  chemical  nature  it  is  small. 
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since,  the  majority  of  fibers  is  the  property  of  firms  and  their 
chemical  composition  is  not  known  to  sufficient  degree.  However,  it 
is  interesting  to  bring  some  properties  of  fibers  with  an  increase  in 
the  concentration  of  rigid  segments  (Fig.  168)  [298],  As  is  evident, 
in  this  case,  grow/increases  tfte  aodule/nodulus  and  falls  elongation, 
is  increased  also  heat  resistance  (in  this  case  the  temperature,  to 
which  it  is  retained  the  staoiirty  of  size/dimensions).  The  same 
factors  determine  the  restorability  of  fiber  after  the  removal  of 
load. 


The  data  of  regularities  are  not  specific  in  comparison  with  the 
effect  of  the  same  factors  to  tiic  properties  of  polyurethane 
elast oners'  and  therefore, further  to  stop  on  them  is  inexpedient. 

Hence, it  follows  that  in  elastomeric  fibers  is  inherent  the 
characteristic  feature  it  is  polyurethane:  the  structural  grid, 
formed  by  mobile  service,  is  capaoie  of  rearrangement  under 
deformation  or  effect  or  temperature,  which  determines  its  mechanical 
properties. 

In  connection  with  tne  special  feature/peculiarities  of  the 
mechanical  behavior  of  elastic  polyurethane  fibers  presented  it  is 
necessary  to  examine  the  scarce  presentation/concepts  of  the 
structure  of  such  fibers. 
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Is  up  to  now  carried  out  actually  only  one  detailed  analysis  of 
the  structure  of  fibers  cf  tae  type  of  Dorlastan  [173,  298].  The 
presentation/concepts  of  structure  are  based  in  the  diagram  of 
alternating  in  the  chain  of  tne  rigid  and  soft  segments,  which 
generate  the  regulated  and  disordered  regions  (Fig.  169). 


i 
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Fig.  166.  the  curves  of  the  relaxation  of  the  deformation  of 
different  elastomeric  filers. 


1  -  Lycra;  2  -  spandex;  3  -  Viryne;  4  -  rubber. 


Key;  (1).  Elongation.  (2).  r,  h. 


Fig.  167.  Temperature  dependence  of  module/modulus  and  permanent 
elongation  of  different  elastomeric  fibers: 


1  -  elastic  reduction  after  stretcning  to  300c/o  for  rubber;  2  -  for 
Lycra;  3  -  module/modulus  or  runner;  4  -  module/modulus  of  Lycra. 
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Key:  (1) .  Hod ule/mod ulus  wrta  JOUu/o,  ag/denier. 

Page  254. 

This  diagram  completely  corresponds  to  the  very  old  diagram  of  the 
amorphous  crystalline  structure  or  polymers,  conducted  even  by  Alfrey 
[2]  and  based  on  model  German  -  eernogross.  However,  in  old  models  it 
is  assumed  that  the  ordered  and  disordered  regions  were  formed  by  the 
links  of  the  same  chemical  nature. 


Bonart  investigates  polyuretaane  with  the  rigid  segments  of  the 
following  types: 


o 


H  H 
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These  rigid  segments  are  cross-linked  with  soft  units  by 
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et hylenedianine  or  hydrazine.  Sore  segments  in  that  case  are  nixed 
polyesters  (I)  or  polyethers  (11) .  The  author  will  renove/take  X-ray 
photographs  was  polyurethane  type  a- I,  B-l  and  E-II,  since  a  polymer 
of  the  type  A-II  is  badly/pooriy  solute. 
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Fig.  168.  The  dependence  or  tne  mechanical  properties  of  elastomeric 
fibers  on  the  content  cf  tne  rigid  segments: 

1  -  elongation;  2  -  mod ule/inoaulus;  3  -  heat  resistance;  4  - 
permanent  elongation. 

Key:  (1)  .  Module/modulus  vita  JGUo/o,  g/denier.  (2) .  Heat  resistance, 
°C.  (3).  Elongation.  (4).  Hesiduai  elongation.  (5).  Quantity  cf 

diisocyanate  on  100  g  cf  polyester,  g. 

Page  255. 

The  X-ray  photographs  of  the  nonstretched  and  not  to 
heat-treated  specimen/saaples  snow  wide  amorphous  halo  with  two 
interferences . 
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During  elongation  5Q0o/o  in  polyurethane  B-II,  appears  the  X-ray 
photograph,  characteristic  tor  finer  as  a  result  of  crystallization 
with  the  stretching  of  the  soft  segments  of  chains.  In  rigid  segments 
(Fig.  170)  the  arrangement  of  type  1  with  four  hydrogen  bridges  is 
energetically  more  preferauie  tnan  arrangement  1"  with  two  bridges. 

In  real  system  can  occur  alternating  different  arrangements  of  chains 
relative  to  each  other  (for  example,  2  and  2*).  The  same  picture  is 
possible  for  segments  of  tne  type  B. 

The  complex  picture  of  tne  three-dimensicnal/space  arrangement 
of  rigid  and  soft  segments  reads  to  the  fact,  that  during  the  extract 
of  polymer  the  orientation  of  soft  and  rigid  groups  can  be  different. 
Bonart  will  show  that  during  elongation  to  200-300o/o  rigid  segments 
were  oriented  predominantly  sloping  to  the  direction  of  deformation, 
whereas  soft  -  along  the  direction  of  orientation  (Fig.  171a). 

Further  stretching  leads  to  tne  reorientation  of  the  rigid  units  of 
chains  (Fig.  171b) . 

It  is  interesting  that  during  the  heat  treatment  of  oriented 
filament  are  observed  relaxation,  which  lead  to  the  almost 
full/total/complete  disorientation  of  soft  segments;  the  orientation 
of  rigid  segments  is  net  disturbed. 
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Pages  256-257. 

The  thermal  stabilization  or  auet,  obviously,  is  bonded  with  the 
decomposition  of  the  part  ot  cross  connections  in  such  a  way  that  the 
rigid  segments  begin  tc  te  t urnasned  along  the  direction  of 
orientation.  The  decomposition  ot  the  part  cf  the  bonds  during 
extract  leads  to  the  increase  in  tne  elongation  resistance  tc  which 
does  not  correspond  tc  large  restoring  force,  which  is  bonded  with 
the  known  phenomena  of  softening  under  the  action/effect  of 
voltage/stress,  analogous  to  Hysteresis  with  lead  and  unloading.  In 
this  case  one  must  take  into  accouut  not  only  hydrogen  bonds,  but 


DOC  =  7901  1  1  1  3  E  AGt  'sir 

also  possibility  of  the  formation  of  nodes  as  a  result  of  the 
reaction  of  the  v-electr cns  of  cenzene  rings.  According  to 
roentgenographic  data,  lattice  parameters  in  this  case  a=5,  b=4, 
c= 12. 5A,  y=67° . 

However,  in  the  X-ray  photographs  of  speciaen/samples  of  the 
type  A- I  or  B-I,  is  cbserveu  oniy  paracrystalline  arrangement  of  soft 
segments  instead  of  the  crystallization,  caused  by  stretching.  This 
picture  corresponds  to  one  eguatonal  reflex,  which  is  joined  with 
the  statistical  arrangement  or  linns  in  the  chain/network  of 
undertaken  polyether/pclyester.  Tne  intensities  of  the  observed 
reflexes  can  be  changed  during  dirrerent  processing/treatment  of 
specimen/samples  (during  neatiny  in  water  in  the  elongated  state, 
etc.) .  X-ray  picture  is  changed  also  upon  transfer  from  polyurethane 
B-T  to  B-II ,  If  for  B-I  rerlexes  ate  bonded  with  the  specific 
orientation  of  soft  segments,  ana  with  heat  treatment  this 
orientation  disappears  and  appear  the  reflexes,  caused  by  the 
ordering  of  rigid  segments,  tnen  tor  B-II  scft  segments  give  only 
amorphous  halo,  and  rigid  segments  are  characterized  by  noticeable 
orientation.  In  order  to  obtain  inrormation  abcut  the  regulated 
arrangement  of  one  or  the  other  forms  of  the  segments  of  chain, 

Bonart  will  develop  some  principles  of  the  theory  of  interference  and 
will  make  the  specific  assumptions,  concerning  the  arrangement  of 
these  segments  in  space  during  the  orientation  of  polymer. 
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Fig.  170.  Possible  arrangement  or  the  rigid  segments  A  (a)  and  B  (b) , 
that  leads  to  the  formation  or  nyurogen  bridges. 


Page  258. 


Crystal  structure  or  linear  ones  it  is  polyurethane  as 
polyamides,  it  is  substantially  determined  by  the  system  of  the 
hydrogen  bonds  whose  arrangement  in  the  case  in  guastion  also  must  be 
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regulated  in  space.  Figure  1 7 i  gives  the  possible  diagrams  of  the 
layout  of  hydrogen  bonds,  nased  ou  Fig.  170,  which  can  be  compared 
with  the  results  of  roentgenograpmc  investigation  for  segments  of 
the  type  "A  "and  B.  As  can  ue  seen  from  diagrams,  most  different 
possible  arrangement  of  tne  nyarogen  bonds  between  chains. 

The  X-ray  analysis  or  tne  structure  of  elastomeric  polyurethane 
fibers  is  given  also  in  work.  £22b].  The  authors  will  examine  the 
structure  of  the  linear  poly uretuane  elastomers,  formed  from  rigid 
and  soft  units  on  the  basis  of  simple  and  polyesters  with  molecular 
weights  of  1000  and  4000. 
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Pig.  171.  Diagram  of  the  finer,  elongated  approximately  to  200  (a) 
and  5  00  (b)  o/o. 

Page  259. 

In  the  disoriented  state  o:  cue  X-ray  photograph  of  polymers, 
show  diffusion  halo  and  aoseace  or  structure.  With  stretching  appear 
the  discrete  reflexes,  wiu.cn  disappear  during  the  removal  of  load. 
The  authors  assume  that  tne  reason  for  the  high  strength  of  fiber  in 
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fhe  elongated  state  is  tdo  crystallization  with  the  stretching  of  the 
soft  segments  which  coipose  70-d0o/o  of  entire  polymer.  Let  us  recall 
that  Bonart  observed  on  analogous  elastomers  during  elongation  to 
200o/o  virtually  f ull/total/complete  crystallization  of  soft  segments 
and  the  systematic  distribution  01  hydrogen  bends.  The  quantitative 
bond  between  the  degrees  of  the  crystallization  of  soft  segments  and 
drawing  depends  on  the  chemical  nature  of  polymer. 

However,  the  authors  consider  that  the  appearing  with  synthesis 
regular  arrangement  of  sort  ana  rigid  segments  in  chain  and  appearing 
with  the  stretchinq  of  finer  picture  make  it  possible  to  expect  the 
specific  ordering,  alsc,  in  tue  ue-elongated  material.  In  this  case, 
they  assume  that  with  the  stretening  of  chain  they  slip  relative  to 
each  other,  while  the  strong  Uipore  eactions  between  rigid  segments 
do  not  begin  to  impede  this  sliding. 

Por  the  check  of  this  nypotnesis  X-ray  investigations  at  the 
small  angles  of  elastomers  on  simple  (Lycra)  and  on  it  is  complicated 
(Dorlastan)  polyether/pclyesters.  on  the  diagrams  of  the  small-angle 
scattering  of  fibers  with  uninterrupted  scattering  for  the 

ne-elongated  preparations,  are  visible  crescent-shaped  reflexes  at 

o  c 

equator,  which  correspond  to  periods  60  A  for  Dorlastan  and  47-50  A 

for  Lycra.  Por  Dorlastan  mere  are  two  additional  wide  sickles  on 

€> 

meridian,  corresponding  to  distance  71  A.  In  spite  of  this  the 
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authors  are  not  inclined  to  consmer  initial  materials  as  those 
regulated,  aa  h*  after  their  three-hour  extraction  by  Methanol  the 
reflexes  indicated  disappear.  They,  obviously,  are  bonded  with  the 
extracted  substance.  But  tne  extracted  preparations  develop  all  the 
saae  discrete  small-angle  scattering.  Such  meridian  reflexes  can  be 
bonded  with  the  periodic  oscillations  of  density  in  the  direction  of 

O 

fibers  whose  average/mean  periodicity  comprises  95  A  for  Dorlastan 
and  130  A  for  Lycra.  With  stretching  appear  sharp  reflexes.  This 
gives  to  the  authors  the  foundation  for  concluding  that  in 
polyurethane  elastomeric  fibers  there  are  seme  types  of  structures, 
which  depend  on  the  composition  or  polymer  and  degree  of  its 
stretching. 

In  connection  with  the  prociea  of  elastomeric  fibers,  again 
arises  a  question  concerning  hyurogen  bonds  in  the  polyurethane 
elastomers  which  in  large  measure  uetertnine  the  structure  of  fiber. 
However,  it  should  be  noted  that,  tor  example,  Bink  [298]  together 
with  hydrogen  bonds  is  aoded  specific  value  tc  the  common  van  der 
Waals  reactions  between  tne  soft  segments  which,  in  his  opinion, 
determine  the  effects  of  repeated  ueformaticn.  It  considers  that  for 
the  overcoming  of  these  bonus,  which  do  not  disintegrate  completely 
during  deformation,  is  spent  the  additional  effort/force  as  a  result 
of  the  preservation/retention/maintaining  of  certain  degree  of 
cross-linking  according  to  the  physical  bonds  which  after  the  removal 
of  load  prevent  the  reduction  of  initial  size/dimensions. 
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Pig.  172.  Structure  of  cross  connections  between  rigid  segments  A  (a) 
and  B  (b)  . 
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Page  262. 

Presentation/concepts  fiinx  will  agree  veil  with  our  about  the 
thixotropic  structural  grid  wnica  determines  basic  properties  it  is 
polyurethane,  and  with  tne  results  of  the  rheological  investigations, 
which  indicate  the  important  role  of  common  physical  reactions  in  the 
elastic  properties  of  oligomers  it  is  polyurethane.  Really/actually, 
Rink  it  considers  that  vita  an  increase  in  the  temperature  the 
strength  of  hydrogen  bonds  rails,  moreover  for  rigid  segments  this  is 
developed  especially  strongly  at  )J0-190°C,  in  consequence  of  which 
physical  bonds  disintegrate,  out  taey  retain  capability  for  reduction 
during  a  temperature  decrease,  we  already  ncte  that  this  is  -  typical 
special  feature/peculiarity  of  eiastoplastics/ which  determines  the 
possibility  of  the  formation  of  tioers  and  thermal  stabilization  of 
the  structures,  appearing  witn  molding. 

We  will  reveal/detect  also  tne  effects,  bonded  with  the 
decomposition  of  bonds  in  region  of  40°C,  substantially  affecting  the 
properties  of  elastomers.  Specific  properties  it  is  polyurethane  (for 
example,  high  resistance  to  aocasion) ,  that  are  inherent  in  bcth  the 
rubbers  and  thermoplastic  tioers  of  the  type  perlon,  characteristic 
for  elastic  fibers.  In  the  opinion  Sink,  high  resistance  to  abrasion 
and  decomposition  under  the  effect  of  the  voltage/stresses  of 
polyurethane  fibers  in  comparison  with  common  ones  is  the  result  of 
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further  cross-linking  as  a  result  of  the  formation  of  hydrogen 
bridges  in  rigid  segments.  Under  the  effect  of  mechanical  stresses 
the  partial  possible  decomposition  and  the  reduction  of  the  bends 
between  rigid  segments,  which  is  impossible  fer  the  chemical  bonds 
which  after  decompositicn  no  longer  are  reduced. 

Consequently,  the  rermation  of  the  physical  structural  grid 
whose  irregularity  as  a  result  or  the  structure  of  chain  and 
structure  of  rigid  segment  is  considerably  more  than  in  common 
rubbers,  determines  the  tasic  physical  properties  of  polyurethane 
elastomeric  fibers. 
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CONCLUSION. 


The  problem  which  place  to  taemselves  the  authors  in  this 
monograph,  is  the  establishment  of  the  physicochemical  special 
feature/peculiarities  ot  oeuavior  was  polyurethane  and  the 
explanation  of  the  reascns,  difrenng  this  class  of  polymers  from 
others.  The  study  of  this  guestiou  is  important,  first  of  all, 
because  polyurethane  are  toe  omy  class  of  the  polymeric  compounds  on 
basis  of  which  it  is  pcssiole  to  octain  virtually  all  valuable  types 
of  polymeric  materials  -  rubbers  and  plastics,  common  and  elastomeric 
fibers,  glues  and  coatings,  sealing  compounds  and  foamed  plastics, 
etc. 


The  analysis  of  structure  is  polyurethane,  the  explanation  of 
basic  laws  governing  their  rormdtion,  the  study  of  the  mechanical  and 
physicochemical  properties  of  linear  ones  and  three-dimensional  it  is 
polyurethane  and  the  properties  of  insulated  circuits  they  make  it 
possible  to  now  establish/instali  the  reasons  on  which  the 
polyurethane  occupy  special  position  among  other  polymers.  It  is 
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determined  by  two  basic  factors:  diversity  of  the  cheaical  structure 
cf  polyurethane  chains  and  oy  specific  structure  of  the  polymer 
chain,  which  is  determining  tne  structure  of  polymers  in  unit. 

Distinctive  features  or  cnemical  structure  it  is  polyurethane 
they  are  determined  by  application/use  for  their  synthesis  of 
diisocyanates  which  are  unique  in  the  diversity  of  the  chemical 
reactions  in  which  they  can  accept  collaboration.  The  use  of 
diisocyanates  of  different  cneiaicai  nature  (aliphatic,  aromatic, 
cyclic,  etc.)  considerably  expands  the  possibilities  of  the  variation 
of  the  chemical  structure  of  tnose  synthesized  it  is  polyurethane. 
Application/use  as  the  second  component  of  the  pclyf unctional 
compounds  of  the  most  varied  classes  -  from  low-molecular  glycols  to 
oligomers  and  copolymers  witn  uyaroxyl  end  groups  -  leads  to  this 
diversity  of  the  final  cnemicai  structure  of  polymers,  whatever  is 
observed  in  one  of  other  classes  of  polymers.  Entry  in  the  chain  of 
polyurethane  many  types  of  functional  groups  and  structural  units  it 
makes  it  possible  to  widely  vary  toe  properties  of  polyurethane 
materials. 

The  additional  possibilities  of  changing  the  properties  it  is 
polyurethane  they  are  tended  with  application/use  for  their 
cross-linking  of  different  ia  tneir  chemical  nature  compounds. 


capable  of  interacting  witn  tne  isocyanate  or  hydroxyl  groups.  As  a 
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result  this  content  in  the  end  prouuct  of  the  reaction  of  urethane 
groups  it  can  be  very  insignincant.  From  this  point  of  view, 
polyurethane  generally  cannot  ue  considered  the  single  class  of 
polymers  (as,  for  example,  polyamiues  or  polyacrylate),  since  only 
common/general/total  sign  is  tne  presence  in  the  chains  of  urethane 
grouping . 

Page  264. 


Another  special  f eature/peculiar ity  of  chemical  structure  it  is 
polyurethane  it  consists  in  tne  ract  that  for  their  synthesis  are 
used  the  oligomeric  units,  wmch  ace  actually  the  low  molecular 
polymers  and  independently  possess  the  combination  of  the 
physicochemical  properties,  to  tne  inherent  polymers.  Application/use 
of  oligomeric  units  of  dicferent  chemical  nature  and,  therefore, 
different  flexibility  or  polymer  cnain  gives  grounds  to  consider 
polyurethane  as  the  blcck  copolymers  in  chains  cf  which  are 
alternated  pliable  and  nyiu  units.  Alternating  the  units  of 
different  chemical  nature  maxes  it  possible  to  widely  change 
properties  it  is  polyurethane,  tnat  also  determines  the  possibility 
of  obtaining  of  them  an  entire  gamma  of  polymeric  materials. 

Heanwhile  the  principle  cf  alternating  units,  specific  for  is 
polyurethane,  still  little  used  m  practice.  Is  insufficiently 
carried  out  investigations  in  the  development  of  the  methods  of  the 
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synthesis  of  poly-block  ones  it  is  polyurethane,  in  which  together 
with  alternating  of  oligomeric  and  diisocyanate  unit  on  chain  is 
realize/accomplished  anctaer  alternating  of  units  themselves  - 
simple,  ester,  copolymer,  etc. 

By  certain  demonstration  ot  the  principle  of  alternating  units 
for  the  modification  of  properties  it  is  polyurethane  it  is  the 
introduction  to  polyurethane  of  units  on  the  basis  of  oligodiene  with 
the  terminal  hydroxyl  groups,  union  leads  to  obtaining  of  elastomers. 
Obtaining  oligoureth aneacryiate  with  terminal  double  bonds  will  lead 
to  the  appearance  of  a  new  class  or  polymers  -  polyurethaneacrylate, 
matching  properties  was  polyuretnaue  and  polymerizing  plastics. 

Thus,  the  special  feature/peculiarities  of  chemical  structure 
and  the  possibility  of  imparting  to  polyurethane  different  properties 
are  determined,  first  ct  all,  uy  tae  wide  circle  of  the  initial 
compounds,  used  for  synthesis  it  is  polyurethane  and  relating  to 
different  classes.  It  is  possinie  to  say  that  there  is  no  problems  it 
is  polyurethane  as  such,  exists  the  problem  of  initial  compounds  for 
the  synthesis  of  the  polymers,  wmch  contain  urethane  groups. 
Really/actually,  in  view  of  the  diversity  of  the  chemical  structure 
of  the  molecular  units,  wmch  Delong  to  different  classes 
(poly butadienes,  polyetner/poiy esters,  etc.),  the  polyurethane. 


obviously,  cannot  be  considered  as  single  class,  on  they  must  be 
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considered  more  widely  as  the  grou^  of  the  polyaers  of  different 
classes,  for  which  comaon/general/total  is  the  presence  in  the  chains 
of  rare  urethane  groups  -  NCOO  Even  collaboration  in  the  synthesis 
of  di isocyanates  -  not  necessary  conditions  fcr  obtaining  it  is 
polyurethane,  since  are  I'ossxaie  ncnisocyanate  methods  of  synthesis. 

Page  265. 

In  the  examination  cr  tne  special  feature/peculiarities  of 
physical  and  molecular  structures,  it  is  polyurethane,  first  of  all, 
necessary  to  focus  attention  on  the  flexibility  of  polymer  chains  and 
intermolecular  interaction  between  them.  The  nature  of  glycol  and 
isocyanate  units  determines  flexiuility  of  the  individual  sections  of 
chains  and  intermolecular  interactions  between  them.  This  leads  to 
manifestation  with  polyuretaane  or  the  properties  of  elastoplasts  or 
thermoplasts.  In  the  case  of  polyurethane  elastomers,  a  change  in 
molecular  weight  of  polyether/poiyester  unit  serves  as  one  of  the 
basic  ways  r-f  the  regulating  of  tne  properties  of  three-dimensional 
grid.  The  capability  of  unit  for  crystallization,  which  depends  on 
molecular  weight  and  chemical  nature,  in  the  final  analysis 
’•♦•■nines  the  Dhase  state  of  polymers  and  the  level  of  their 
> !  r  «  •>-  lecular  organization. 


of  the  neter cooud  in  chain  of  polyurethane  it 
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substantially  affects  their  rlexioility.  The  examination  of  data 
according  to  internal  rotation  an  organic  molecules  shows,  in 
particular,  that  the  internal  rotation  around  C-O-bond  is  facilitated 
in  comparison  with  rotation  arouna  bond  C -  C.  Therefore  it  is  possible 


to  assume  that  the  polymer  cnains  with  heterobond  of  the 
polyethers  possess  increase!  fiexicility. 


On  the  other  hand,  tne  presence  of  the  strongly  interacting 
groups  in  chain  must  cause  an  increase  in  the  barriers  of  internal 
rotation  and  becoming  rigid  of  cnam.  The  combination  in  one  molecule 
of  different  types  of  bonds,  most  typical  for  it  is  polyurethane,  is 
determined  the  complex  character  or  the  dependence  of  the  flexibility 
of  chains  it  is  polyurethaue  on  tueir  chemical  nature. 

Great  effect  on  the  capacity  of  molecules  it  is  polyurethane  to 
a  change  in  the  conformations  is  aad  its  own  flexibility  of 
oligomeric  units  whose  ccntrioution  to  the  flexibility  of  chain  is 
predominating.  This  very  is  substantial  from  that  point  of  view,  that 
the  manifestation  of  the  flexibility  of  molecules  in  polyurethane 
grids  is  not  the  exceptional  result  of  the  crcss-linking  into  long  of 
the  sequence  of  short  oligomeric  cnains,  but  the  result  of  its  own 
flexibility  of  oligomers.  Its  owu  flexibility  of  oligomeric  units  and 
possibility  of  strong  intermolecular  interactions  between  units  is 
represented  by  essential  feature  it  is  polyurethane. 


i 
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In  three-dimensional/space  grid  it  is  polyurethane  they  are 
possible  together  with  cue  cnemical  and  hydrogen  bonds  between 
urethane  and  other  groups  tne  common  Van  der  Haals  reactions  between 
the  cuts  of  chains  in  riding-crop.  The  presence  in  the  grid  of  such 
reactions  whose  degree  depends  on  the  chemical  network  density, 
changes  the  barrier  of  rotation  aaa,  thus,  the  flexibility  of  the 
cuts  of  the  chains  between  nodes  even  when  the  distance  between  nodes 
exceeds  the  value  of  thermodynamic  segment  found  for  the  net  tonded 
in  grid  high-molecular  chains. 

A  guestion  concerning  the  role  of  i ntermclecular  interactions  in 
polyurethane  very  important,  out  specific  character  is  polyurethane 
in  this  respect  it  is  developed  is  only  in  the  examination  of 
three-dimensional  cross-iinxed  ones  polyurethane. 

Page  266. 

The  diversity  of  functional  groups  in  chain  creates  great 
possibilities  for  the  formation  or  the  molecular  bonds  of  different 
nature  and  energy  from  hydrogen  ones  to  Van  der  Saals  ones.  The 
significant  role  of  such  interaolecular  interactions  in  the 
three-dimensional  grid  especially  characteristic  of  polyurethane 
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elastomers.  It  is  obvious,  sucn  reactions  are  not  eliminated  also  for 
other  rubberlike  materials.  It  snould  be  noted  that  if  to  the  problem 
of  intermolecular  interactions  in  the  linear  polymers  was  given 
always  much  attention,  then  tnese  questions  were  insufficiently  lit 
in  connection  with  three-dimensional  polymers.  The  examination  of  the 
defects  of  grid  and  formation  of  wrapping  and  engagements  of  chains 
to  a  certain  degree  consider  tnese  reactions;  however,  not  from  the 
point  of  view  of  the  formation  of  molecular  bends.  Polyurethane  are 
the  system  in  which  the  role  of  intermolecular  interactions  in  grid 
project/emerges  especially  distinctly. 

One  of  the  basic  special  feature/peculiarities  of  the  structure 
of  the  grid  of  three-dimensional  ones  it  is  polyurethane  it  consists 
in  the  fact  that  in  it  tne  main  role  belongs  net  to  the  chemical,  but 
physical  nodes,  formed  as  a  result  of  intermolecular  interaction  with 
the  collaboration  of  diiierent  runctional  groups  of  molecules. 

The  effective  density  of  cross-linking  in  polyurethane  is 
determined  mainly  by  the  secondary  physical  bonds,  which  are 
generated  in  three-dimensional  gnu  as  a  result  of  the  reaction  of 
chains  with  each  other.  Ine  large  role  of  physical  reactions  is 
confirmed  by  the  determinations  or  the  energy  density  of  the  cohesion 
of  polyurethane  rubbers  wnose  values  are  higher  than  for  common 
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rubbers 
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The  strong  molecular  oouus,  wnich  generate  in  polyurethane 
uninterrupted  three- di meusionai/space  grid,  ir  the  specific  cases 
lead  to  the  fact  that  the  .Linear  polyurethane,  "cross-linked"  only 
with  physical  bonds,  develop  tne  properties,  usually  characteristic 
only  for  the  chenical  cross-linxed  linear  networks. 

Another  special  f eature/peculiar ity  of  the  structure  of 
three-dimensional/space  grid  it  is  polyurethane  it  consists  in  its 
high  mobility,  i.e.  capability  ror  rearrangement  under  the  influence 
of  temperature  or  the  mecaanical  effect.  This  conclusion  follows  from 
the  anomalous  temperature  dependence  of  the  elasticity  modulus  of 
such  grids  and  from  data  of  thermodynamics  highly  elastic 
deformations.  The  decomposition  of  molecular  bonds  in  grid  during 
heating  or  deformations  leads  to  an  increase  in  the  distances  between 
network  points.  The  capability  cr  grid  for  decomposition  and 
rearrangement  under  the  etrect  or  temperature,  solvents  and 
mechanical  loads  gives  grounds  to  examine  a  similar  grid  by  analogy 
with  the  thixotropic  structures,  well  studied  in  colloid  chemistry. 
This  presentation/concept  will  agree  well  with  the  results  of  the 
investigation  of  the  flew  properties  of  oligomers  and 
macro-diisocyanates  whicn  confirm  the  high  degree  of  thixotropy 
already  in  oligomeric  systems. 
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Page  267. 

The  presence  of  motile  structural  grid  in  polyurethane 
conditions  many  specific  properties.  It  is  obvious,  by  the 
comparative  lightness/ease  or  decoaposit ion  and  subsequent  reduction 
of  grid  it  is  possible  tc  explain  capability  of  polyurethane  for 
self-healing  of  defects  during  deformations.  Heally/actually,  with 
deformation,  which  especially  intensively  is  developed  in  the  places 
of  stress  concentration,  occurs  the  noticeable  decomposition  cf  grid, 
as  a  result  of  which  occurs  seemingly  thixotropic  transition  of 
polymer  of  the  highly  elastic  to  viscous  flow  state.  Possible  under 
conditions  of  act/effecting  tne  deformation  flow  leads  to  the  curing 
of  defects  in  the  most  steamed  places.  In  this  case,  the  load  is 
distributed  again  more  evenly  and  again  are  reduced  the  destroyed 
bonds. 

The  nobility  of  grid  con tr routes,  obviously,  and  to 
comparatively  rapid  equilibrium  establishment  and  new  structure, 
which  corresponds  to  state  of  strain.  This  will  occur,  if  the  rates 
of  deformation  and  rearrangement  or  structure  are  compared.  Then  in 
system  during  deformation  is  establish/installed  the  new  equilibrium 
as  a  result  of  which  at  each  stage  of  deformation  will  have  to  spend 
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work  not  only  on  the  stretcnmg  of  chains,  but  also  on  the 
decomposition  of  network  points.  Inis  differs  polyurethane  from  other 
elastomers  where  the  decomposition  is  bonded  predominantly  with  the 
deformation  of  chains. 

The  account  the  special  reature/peculiarities  of  the 
physicochemical  behavior  is  polyurethane  it  makes  it  possible  to 
fit/approach  the  explanation  of  tne  reasons,  which  lead  to  the 
increased  strength  and  resistance  to  abrasion.  He  assume  that  here 
the  way  to  resolution  c £  proolem  lie/rests  through  the  study  of 
mechanical  and  other  properties  or  surface  layers  is  polyurethane.  It 
was  recently  establish/installea  £22],  that  wear  with  fricticn  are 
accompanied  by  the  noticeable  rearrangements  of  the  structure  of  the 
surface  layer  of  polymer.  Uuuer  certain  conditions  this  rearrangement 
leads  to  the  structure,  more  resistant  to  abrasion.  Molecular 
mobility  in  surface  layers  and  structure  of  the  surface  layers  of 
polymers  differ  from  the  same  in  volume  [64,  76],  which  is  bonded 
with  the  isotropy  of  the  distribution  of  molecular  bonds  in  vclume 
and  its  absence  in  surface  layer.  These  facts  together  with  the 
consideration  of  the  special  roie  of  physical  reactions  in 
polyurethane  grids  make  it  possible  to  present  abrasion  it  is 
polyurethane  as  the  specific  relaxation  processes  in  surface  layers, 
bonded  with  thixotropic  decomposition  and  reduction  of  the  structure 
of  surface  layer. 


« f»r. 
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The  examined  in  this  aonoyrapn  laws  governing  the  change  of  the 
properties  it  is  polyuretnane  with  structure  variation  and 
explanation  of  the  ser ies/numucr  oi  the  reasons  for  their  specific 
behavior  they  give  the  possmility  to  disseminate  the  principles  of 
the  construction  of  polyuretnane  cnains  to  ether  materials,  and  the 
realization  in  them  of  the  series/number  of  the  characteristics, 
which  are  inherent  in  polyuretnane,  will  make  it  possible  to 
fit/approach  the  creation  or  the  wide  circle  cf  polymers  and 
polymeric  materials  of  different  chemical  nature  which  will  possess 
the  most  valuable  properties,  which  are  inherent  in  polyurethane,  and 
will  be  deprived  of  their  aenciencies. 

Page  268. 
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